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As  most  research  with  pasture  systems  for  laciating  cows  has  been  short  temu 
proloiiged  lactatioD  studies  are  needed  to  better  assess  their  poientiaL  Three  experimems 
wCTc  conducted  targeting  evaluation  of  year-round  forage  systems  for  graang  fay  laciating 
dairy  cows.  Two  of  them  were  designed  to  refine  management  recommendatioiis.  and  the 
third  was  developed  to  lest  year-round  poduction  systems  that  showed  poieotial  in  the 
earlier  trials.  In  the  first  experiment,  forage  distribution  and  forage  nutritive  value  were 
iiprroved  and  autumn  forage  defich  was  reduced  by  planting  pearl  millet  {/'eimsaum 
glauaem  [L.]  R_Br.)  and  sorghum-sudnngrass  (Sorghum  bicolor  [L.]  Moench)  genotypes 
at  mult^le  planting  dates  and  utilizing  frequetu  harvests.  In  tbe  second  trial  a combination 
of  planting  dates  and  cboosmg  appropriate  mhctures  of  small-grains,  ryegrass  (Lotium 
mulnyiorum  lam),  and  cbvers  (Trifolhm  spp.)  allowed  production  of  forage  for  grazing 
from  late  December  to  May  (4  to  d mo),  a period  in  wbidi  perenninl  warm-season  grasses 


lack  both  the  productiDD  and  nutritive  value  necessary  Tor  lactating  dairy  cows.  The  third 
trial  bad  two  main  otjectives:  to  cotqjaie  milk  prodoction  and  compositiOD  from  two 
pasture-based  systems  for  lactating  dairy  cows  with  those  of  a coofinemeot  bousing 
system,  and  to  coit;>are  feeding  costs  per  unit  of  milk  produced  among  the  three  systems 
Id  a 276-d  experiment,  three  mullipaioas  Holstein  cows  were  assigned  at  calving  to  each 
of  four  replicates  of  two  pasture  systems.  System  1 winter  pastmes  were  a mntrure  of  rye 
{Secale  cmate  L.),  ryegrass,  mmson  cUiver  (Trifolium  iKaniantm  L.)  and  red  clover  (T. 
pratense  L.).  while  during  summer,  cattle  grazed  pearl  miDet.  System  2 included  a rye- 
ryegrass  mixnire  during  witter  and  bermudagrass  (Cynodon  dactylon  [L.]  Pers.)  during 
summer.  Supplemem  was  fed  to  cows  on  both  pasture  treatments  at  rates  of  1 kg  ps  13 
kg  of  milk  produced  during  winter  arid  I kg  of  supplement  per  2 kg  of  milk  it  summo'. 
Sixteen  cows  were  assigned  to  the  confinement  bousing  treatment,  fed  a total  mixed 
ration,  and  cooled  by  &ns  and  misters.  Cows  in  confinement  produced  20%  more  milk 
(29  vs.  24  kg  milk  cow' d ')  than  those  on  pasture  systems;  there  were  t»  differences 
between  Systems  I and  2.  Crazing  cows  lost  more  weight  than  confined  cows.  Pregraze 
herbage  mass  averaged  2.3  and  3.6  Mg  ba''  for  wanerand  summer,  respectively,  however, 
during  August  through  September  pearl  millet  pregraze  mass  was  reduced  to  abom  1 Mg 
ha‘.  Average  total  intake  of  pasture  cows  was  21 .8  kg  of  dry  matter  cow' d'’  ofwtaich 
12.0  was  from  pasture.  Economic  analyses  suggest  dun  System  2 had  the  lowest  feed  cost 
per  unit  of  mOk  produced  and  that  pasture  systems  based  on  pmezmial  forages  may  be 
more  likelytosucceed  than  those  based  ou  annuals,  even  annuals  of  high  forage  quality. 


CHAmRl 

INTRODUCTION 

TTie  dairy  mduscy  is  a majdr  geoerator  of  revenue  for  the  slate's  economy,  with 
cash  receipts  from  miik  marketing  totaliDgS408  million  m 1997  (Florida  Department  of 
Agriculture  and  Consumer  Service,  1 998).  Coofinemeru  bausmg  and  feeding  of 
byproduct  fiber  sources  and  conserved  forages  as  congronents  of  total  mbied  rations 
characterize  the  FlorklB  dairy  industry.  Confinement  systems  arc  generally 
overcapitalized  with  high  overhead  costs  requiring  high  milk  production  per  cow. 
howeverthe  critical  aspect  is  net  profi:  (Burns  and  Bagley,  1996).  Despite  inberenlly 
high  feed  costs,  this  system  has  been  profitaUe  due  to  relatively  high  and  stable  milk 
prices,  however,  in  recent  years,  dairy  producers  have  been  eaperieDcing  a severe  cost- 
price  squeeze  due  to  widely  fhictuatiog  milk  prices  and  increasing  irqrul  costs  (Muller  et 
al.  1 995;  Bull.  1 995).  Dairy  farmers  are  seeking  for  ways  to  remain  viable,  and  some  of 
the  aiiemative  systems  being  considered  put  greater  eitqrhasis  on  homegrown  forage  as  a 
feed  source. 

Use  of  pasture  can  reduce  feed  costs,  which  may  represent  more  than  50%  of 
total  costs,  andconsequestly,  increaseretunispercow(Parkeret  aL.  1992).  Thrsisa 

pasture  as  a forage  for  dairy  cows  (Muller  et  al.,  1995).  Well  managed  pastures  that 
mavmiir*  pastuTC  production  and  quality  are  of  conqiarable  or  better  quality  than  forage 


>(MuIlerelaL,  I99S).  lnlheUK.lbe 


relBtivc  economic  cons  on  a metabolizable  enetgy  (ME)  basis  of  grazed  herbage, 
conserved  forage,  and  concentrates  have  been  estimated  to  be  a ratio  of  1:2;4.S  (Leaver, 
1985),  however  the  vahie  of  forage  is  best  undeistood  in  the  context  of  its  coaEnbudon 
to  livestock  production  (SoUecberger  and  Chemey,  1995),  especially  in  intensive  systems 
such  as  for  lactatmg  dairy  cows. 

Milk  producnon  based  on  miensively  managed  pasture  is  a fan  growing 
production  synemin  all  pans  of  the  USA  as  a means  of  increasing  profits  (Bertrand, 
1998),  and  has  been  hqwnam  in  New  Zealand  fbr  many  years  (Hanson  el  aL,  1998b). 
Tbe  key  concept  is  substituting  the  cow  fbr  expensive  machinery  in  the  harven  of 

Pasture  for  dairy  cows  is  not  new,  even  b Florida.  Reeves  (1956)  stated  that 
"pastures  geneially  are  the  cheapen  source  of  feed  and  dairy  cattle  can  use  large 
proportionsof  quality  forage  b supplying  iheirnutritive  requirements".  As  the 
percentage  of  feed  obtained  fiom  pasture  bcreased.  production  costs  decreased  for  tbe 
FloridaberdsenroUedblbe  1953  DaiiyHerd  In^irovemeffl  AssociationpTQgram".  In 
the  last  5 yr  some  producers  b Florida  have  adopted  pasture-based  systems  that  rely  on 
grazbgofperenmalwarm-seasongrasses.  These  forages  may  not  be  sufSckmily  Ugb  b 
quahiy  durbg  summer  and  do  not  supply  adequate  quantity  or  quality  during  late  fitD 
through  spring.  Summer-anmial  grasses,  such  as  pearl  millet  {Pennisetwn  glaueum  [L.] 
B.  Br.)  and  sorghum  (dbrgfiunibicoibrtL.JMoench)  maybe  valuable  forage  sources  b 
developmem  of  year-round  forage  systems  where  quality  is  important.  Cool- season 


with  production  of  perennial ' 


I bccsusc  they  produce  some  oFtbe  highest  nutritive  vahiefoiegeiha(  i 


grown  worldwide 

Milk  yields  are  genaaDy  superior  in  cou&iemeDt  systems  congsared  with  gramng 
systems  (Blaser  eial.  19S6).  It  is  assumed  that  production  per  cow  will  fall  when 
shifting  from  a mixed  ration  to  a graziog  system,  however,  when  keeping  in  mmd  the 
goal  of  net  farm  income,  cost  reductions  may  oflset  this  loss.  A return  to  pasture-based 
milk  production  has  been  an  option  that  many  dairy  farmers  have  chosen  and  more  are 
conndermg  (Moore.  199S),becausedniry  producers  have  htlle.  if  any.  control  over  the 
price  of  mUk.  In  this  environment,  reduCTg  production  costs  or  eapaisding  into  large 
producbon  units  are  the  two  primary  choices  for  those  desning  greater  mcome  (Moore, 
1998). 

Supplemental  feeding  of  grain  (energy)  and  additional  undegradable  protein  are 
needed  under  most  conditions  to  manmize  cow  performance,  particularly  with  high 
piuducmg  cows  in  early  lactation  (Muller  el  aL,  1995).  Hi^  produchig  cows  cannot 
meet  energy  requirements  for  mniumi,im  milk  )ield  from  forage  alone  (Calyeas  and 
Goetsch.  1993).  A correct  combination  of  svann-season  and  cool-season  pastures, 
properly  supplememed  with  protein  and  energy,  can  make  the  dairy  emerprise  more 
profitable. 

The  development  of  forage  systems  for  year-round  grazing  by  lactating  dairy 
cows  is  challenging  in  subtropical  regions  such  as  in  Florida,  due  to  varying  nutritive 
value  of  forage  throughout  the  year,  heat  stress,  and  the  difficulty  of  quanttfying  animal 
nutrient  intake  on  pasture.  BecausemostofresearchdoDewilhpasnire-basedsystems 
has  been  dioTt  term  in  narure 


e,  longer,  fuB-lactatioD  con^iarisoits  of  pasture  and 


confinemtni  systems  are  needed.  Three  experinietns  were  conducted  targeting 
evaluation  of  year-round  forage  systems  for  grazmg  by  lacladng  dairy  cows.  Two  were 
prehminary  to  refine  agronomic  management  iofbnnatioa  for  year-round  pasture 
systems.  The  first  was  designed  to  congtare  seasonal  DM  distribution  of  pearl  millet  and 
sor^um-sudangrass  genotypes  planted  at  differem  dates,  harvested  frequently,  and 
fertilized  bhemlly  with  the  imem  of  addresung  the  potenltal  of  wann-season  annual 
grasses  for  pasture-based  dairies.  TbeotjectiveoftbesecoDdmalwastodeiermmetlie 
effect  of  planting  date  on  forage  yield,  forage  distiibuiion.  and  nutritive  value  of  cool- 
season  forage  mixtures.  The  third  and  primary  expetinieni  was  conducted  to  compare 
pasrure-based  and  confinement  systems  for  Inriaring  dairy  cows  ow  a period  from 
January  (oOciober  1998.  Thetwomainobiectivesweie:  1)  to  congtaremilkproductioo 
and  congtogtion  fiom  pasture-based  systems  for  lactatmg  dairy  cows  whb  those  of  a 


i per  unit  of  milk 


CHAPTER  2 
LITERATURE  REVIEW 


Sorghums  used  for  forage  in  USA  ihctuds  grain  and  forage  sorghums  and 
sudaograss  {Sorghum  bicolor  (L]  Moeocb),  fonnetly  dassiSed  as  5.  nnfonense  [Piper] 
Supf  (Fribourg,  I99S;  Harlan  and  de  Wei,  1972).  S.  bfeoforisa  very  large  and  con^lea 

swarms  among  them  (Poehtman  and  Sleper,  1995).  Harlan  and  de  Wet  (1972)  partitioned 
sorghum  variation  into  five  basic  races  (bicolor,  guinea,  caudatum.  kafir,  and  durra)  and  all 
combmatioiisofUieirhytaid  derivatives,  for  a total  of  15  races  and  sub-races  that  are  the 
commonly  used  agronomic  groups  (feterita,  kaura,  sorgo,  sudangrass,  etc.)  familiar  to 
sorghum  workos. 

Pearl  millet  (PeRRiserum  glaucum  [L.]  R.  BR.)  and  sorghums  originated  in  AKca. 
They  ate  unportam  grain  crops  foe  human  nutrition  in  several  countries  of  Africa.  India, 
and  Pakistan,  however,  the  cnajor  use  in  USA.  South  America.  Australia.  South  Africa, 
Israel  and  Italy  is  fodder  (FAQ.  1990;  Andrews  and  Rajewdd.  1995).  They  are  widely 
used  for  graziog  and  silage  for  beef  and  dairy  cows.  Pearl  ttillfi  may  te  used  as  a feed 
grain  for  beef  cattle,  bur  diets  should  be  formulated  to  etfickmly  utilize  the  high  quanthy 
of  protein  (about  14%  ofthe  dry  matter  [DM])  as  a substitute  for  supplemental  protein 


(H31  and  HaDBa.  1990).  HID  et  aL  (1996)  reported  that  peaii  millet  supplied 
approaimalely  88%  as  much  net  energy  for  mainleiiaiice  and  85%  as  mu^  energy  for  gain 
as  the  corn-soybean  meal  portion  of  diets  having  dmibr  crude  iroteic  (CP) 

Pearl  millet  and  sorghum- Sudan  grass  species  are  aimuals,  erect,  O.S- to5.Dni-tall. 
lea^,  drought  loleraoi,  and  responsive  to  N.  Yields  are  high,  but  occur  over  a short 
season,  generally  from  June  to  August  (Ballet  al.  1991:  Chambliss  et  aL.  1999).  Some 
sorghums  can  produce  more  DM  ha  ' than  com.  The  forage  nutritive  value  is  hi^  when 
harvested  at  an  tmmalure  growth  stage.  The  species  art  valuable  in  the  devdopmeol  of 
year-round  forage  sysiems  where  forage  nutritive  vahie  is  particularly  mponant,  such  as 
with  laciating  dairy  or  rapidly  growing  ammals.  Craaing  of  peal  millet  and  sorghum  by 
growing  beef  cattle  is  done  on  an  increasing  scale  in  the  USA.  and  feeding  of  these  crops 
a silage  or  green  chop  to  lactating  cows  is  a common  practice  in  intensive  dairy 
emerprises  (Fribourg.  1995). 

Peal  millet  grows  on  a wide  range  of  soils  but  generally  prefers  better  diained 
ones  and  is  particularly  weD  suited  to  sandy  soils.  For  this  reason,  it  is  recommasied  for 
regkjns  overlap]ring  (hose  of  sorghum  cullivadon.  but  above  400-mtn  isohyet  (line  of  equal 
rainfall).  Sorghums  occupy  the  heavis.  clay  soils,  and  they  ae  more  tolerant  of 
wataloggmg  and  Hooding  than  peal  millet.  Although  Pennisetum  often  ae  grown  on 
poor  soils,  they  are  responsve  to  good  maitageioeDt  and  higher  fmility  levels  (Rachie  and 
Majmuda,  1980). 

Optmum  mean  letqtcranires  for  growth  and  developmem  may  be  somewhat 
higher  for  peal  millet,  perhaps  2 to  4*C,  than  for  sorghums  (Rachie  and  Majmuda.  1980). 


Seeding  of  miUet  should  not  occur  before  soil  temperature  si  a 10-cm  depth  reaches  12°C 
(Fiibouig.  199$).  Sorghum-sudangrass  hybrids  should  be  planted  2 wk  afler  com  plandng 
timewhen  (he  soil  has  becomewannfUSDA,  1969).  In  tbe  extreme  South,  the  best 
seeding  time  for  a pasture  or  hay  crop  is  between  1 April  and  I May.  It  may  be  delayed  in 
part  of  a field  intended  for  pasture  or  green  chop,  to  allocate  production  over  a longer 
period.  Ittthecaseorpasture,  thedelay fitswellinpasturerotaiiaii.  loibecaseorgreoi 
chop,  it  ptauiils  harvesting  to  occur  in  stages.  Sorgbum-sudangrass  hyixids  can  be 
harvested  or  grazed  tbree  or  four  times  per  season  (USDA,  1969). 

Yield  and  Yield  Distribution 
PlantinE  date 

McCanor  and  Rouquette  (1977)  reported  that  pearl  miUet  was  difficuh  to  manage 
as  a grazing  crop  because  of  tbe  wide  flucmatioo  in  forage  productton  over  a relatively 
short  growing  season.  They  indicated  that  tbe  stodang  rate  required  to  mamtain  a given 
graaiog  pressure  may  vary  several  fold  during  a 90-d  grazing  season,  and  liveweighi  gains 
were  difficuh  to  mamtam  during  the  grazing  season  because  both  quantity  and  quality  of 
forage  were  declining. 

Better  distribubon  of  forage  DM  can  be  obtained  by  soil  selecdon  and  staggerad 
plantings.  Multiple  gamings  often  are  made  to  equalize  forage  productioo  ihrougboui  the 
season,  however  they  can  result  in  low  yields  because  growth  may  be  hanqrered  by  cool 
fan  leopeTatures,  suffitner  droughts,  or  sbon  days  (Fribourg,  1995).  In  nonb  Florida, 
Chambliss  el  aL  (1999)  tecommended  that  pearl  millet  and  sorghum-sudan  hybrids  not  be 


I millet  can  be  planted 


dtiiing  mid-sunimeno  obuio  b angle  grazing  or  hnrvea  in  M (Chnmbliss  ei  aL.  1999). 
Pearl  tnillei  pasmres  planted  following  small  grain  provided  grazing  for  dairy  cattle  from 
May  to  June  (depending  tqron  planting  date)  and  usuaDy  dirough  the  early  part  of 
Septeaiber  in  Orlando,  FL  (Marshall  et  al,  I9S3). 

Causley(l990)inNew  Zealand  studied  eight  'Sudan’  (5.  btco/or)  planting  dates  at 
weekly  iniervab  from  S November  and  found  that  the  highest  DM  yield  from  February  to 
April  was  from  the  first  two  sowings,  although  frost  damaged  the  first  three  plantings. 

The  yield  decreased  from  21,000  to  12,000  kg  DM  ha*'  for  the  earliest  to  latest  planting 

Pearl  millet,  sorghum-sudangrass,  and  so^um  produced  higher  forage  yield.  CP 
yield,  and  digestible  DM  yield  with  an  early,  rather  than  a late  planting  date,  in  double 
crop^nng  with  barley  for  slage  and  wheat  for  grain  (Moomaw  and  Mader.  1991).  Them 
vitro  dry  matter  digestfidity  (IVDMD)  and  CP  concentration  of  pearl  millet  were  not 
affected  by  planting  date,  but  both  decreased  in  sorghum-sudangrass  from  early  to  later 
planting  dates  (Moomaw  and  Mader.  1991).  In  Jordan,  HanabaDdHarb(I991)  aodHarb 
and  Hatiab  (1991)  reported  a reduction  in  sorghum-sudangrass  forage  yield  with  later 
planting  when  forage  was  harvested  at  a 75-cm  height  foDowing  planting  in  May  to  July, 
howevo,  thme  wasno  effect  ofplamhigdate  onCP.  crude  fiber  (CF).  and  IVDMD.  The 
CP  concentration  decreased  from  124  to  80gkg  ‘ DM  from  the  first  to  fifth  harvest,  the 
IVDMD  dropped  from  540  to  443  g kg  ' DM.  while  the  CF  increased  from  328  to  377  g 
kg-'  DM. 


E»iimviD  el  aL  (1992, 1993. 1994.  scd  I99S)  evaluated  several  sorghum  and  pearl 
millet  genotypes  St  Jay,  west  Florida,  plamed  most  years  during  April  and  fertilized  with  a 
lotalof  lS0lo200kgNha  ' in  three  applicadons.  Total  yield  from  four  harvests  of ‘CK 
600'  (Agratech),  ‘Tiilesf  2'  (Ca.  A.E.S.),  and  ‘Mniex24'  (Nonbnip-Kmg)  pearl  millets 
tanged  from  about  8,000  to  11,000  kg  DM  ha'',  and  for 'Hygrazer' (Conlee  sorgbum- 
sudangrass)  and  'SX  15'  (Ddsalb  sorghum-sudangrass)  tanged  &om  about  7,000  to 
11.000  kg  DM  ha''. 

Tiileaf2(HanDaet  al,  1988),  a dwarf  pearl  milleicultivarstmilano  ‘Tlflesfr 
(Button.  1980),  is  resistant  to  rust  [JhKCinuisubstriate)  and  leaf  spot  (fyicu/ona 
griiea).  Tiileaf  2 presented  DM  yield  of  1 1 .4 1 DM  ha ' in  a 3-yr  trial,  and  IVDMD  was 
660  and  607  g kg''  DM  in  samples  harvested  it  late  July  and  late  September,  respectively 
(HmetaL,  1989  at>d  1995).  Mulcahy  and  Stuart  (1987)  tested  13  forage  sorghum 
cultrvars  in  southeast  Queensland.  Australia  with  yields  ranging  from  10.800  to  16,500  kg 
DMha'. 

Defoliadon.  Forage  Nutritive  Value  and  OuilitY 

To  survive  repealed  partial  defoliation,  plants  develop  morphological  adaptations 
to  protea  meristems.  but  if  the  apex  is  grazed,  persistence  depends  on  regmwlh  of 
existing  tillers,  or  initiation  of  new  tillers  from  axiOaiy  buds  (Chapman  and  Lemaire, 
1993).  Removal  of  the  apical  merisiem  may  increase  tillering  and  forte  fovorable 
morpdiDlogical  changes  that  resuh  in  higher  nutritive  value  of  grazed  pearl  miHa  and 
sor^um-sudangrass. 
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Plafflregrowibdepeiidsiiot  only  on  the  amouDtsiKl  type  of  tissue  removed,  but 
also  (he  stage  of  plant  development  andtbepievailiDg  plant's  aiwtic  and  bknk 
eaviTDcnieat.  Light,  water,  and  nutrieots  are  abiotic  condiboDS  that  may  Until  growth. 

The  age  and  type  of  tissues  removed  strongly  mHuence  bow  rapidly  a plant  can  recovery. 
For  msiance,  loss  of  older  leaves  affiKts  regrowth  less  than  younger  ones.  Removal  of 
meristemacic  tissue  has  a greater  proportional  eSect  on  regrowth  rate  than  loss  of  biomass 
(Richards.  1993).  Recovery  of  summer-amiua]  grasses  depends  on  amount  of 
photosynthetic  tissue  left  on  the  stubUe.  mtd  the  presence  and  regrowtb  of  tenntnaL 
axillary,  and  basal  meristems.  The  DM  yield  and  distribution  are  affected  by  fiequency 
(tkiebetweenaits)3iid  intensity  (amoumofbioma5steinoved)of defoliation.  Thus,  as 
(he  defobatioii  height  is  raised,  regrowth  ffom  terminal  meristems  increases,  whereas  basal 
and  axilaiy  tillering  inaeases  as  the  point  of  defoliation  is  lowered.  Pearl  millet  is  more 
sensitive  to  lower  stubble  height  than  are  some  sorghum  cuhivars.  Stubble  lowm  than  1 o 
to  IS  cm  may  tesult  in  reduced  regrowth  or  even  death  of  the  plant.  Most  uniform 
grazing  and  least  waste  are  achieved  by  initiatiDg  grazmg  when  plants  are  SO-  to  70-cm 
taH  however  greatest  DM  yields  are  obtained  when  plants  approach  maturity  or  attain 
heights  of  80 10I2O  cm.  Rotational  stockmg  or  strip  gramng  provide  optimum 
managemeiit  where  two  or  more  areas  are  grazed  successively  in  a contiolkd  manner 
(Fribourg.  199S).  A thin-cubned  sorghum  or  pearl  mdleiiegrows  more  rapidly  after 
curting  than  thicker  stemmed  rypes,  therefore  ihin-culmed  types  can  tolerate  closer  grazmg 


• harvest  (Fribourg,  1995). 


Tbe  an^est  way  to  geaetically  mcrease  the  leaf  percentage  in  grasses  is  lo 
decrease tbeamount of culmbyiDCDiporatingadwarfgene(BuiioDet  a].,  1969).  Tbe 
dwarf  dz  gene  in  inbreds  'Tift  23Db'  and  'Tift  23B'  increased  leaf  percentage.  IVDMD, 
and  CP  of  culms  (Button  et  aL.  1969).  Tbe  dwarf  di  gene  in  pearl  miBw.  reduces  tbe 
imeroode  length,  plant  beigbi.  and  culm  percentage  (Button  and  Fortson,  1 966).  Dwarf 
plants,  although  lower  yielding,  have  lS%mareproinnand  1 7%  less  lignin  than  laD  plants 
(Burton  etal.  1969).  Forage  front  dwarf  pearl  miUet  was  higher  in  (VOMDlhan  forage 
from  tall  plants  and  thffe  were  DO  differences  in  IVDMD  ofleaf  and  cuhncon^noits. 
This  mdicaled  that  tbe  higher  IVDMD  of  dwarf  genotypes  (HamiB  et  aL,  1979)  was  due  Co 
a hitter  leaf  percentage  than  for  the  tall  genotypes  (Burton  et  al,  1969).  Young  leaf 
blades  may  approach  750  g kg'’  DM  of  IVDMD.  while  old  leaves  may  be  only  500  to  600 
gkg''  DM.  and  culms  may  be  as  low  as  300  to  500  g kg'  DM  (Fribourg,  1995). 
Differences  in  forage  nutritive  value  between  genotypes  were  generally  found  to  be  greater 
at  lace  latber  than  at  esly  stages  of  growth.  Dwarf  or  semi-dwarf  pearl  millets  inchide 
'Tifleaf  1 '.  'Tilleaf  2',  and  'Tii)eaf3'.  They  are  more  leafy  and  easier  to  manage  under 
grazing  than  tall  types  (Chambliss  et  aL,  1999). 

Chemical  coit^ostQOD  of  forages  is  influenced  by  growth  stage,  season  of  year, 
plant  part  sampled,  soil  nutrient  status,  and  soil  pH  (Nelson  and  Moser,  1994;  Frame  et 
al,  1997).  Although  age  and  maturity  have  a larger  nxDuence  on  forage  quality  than 
environmental  foctois,  such  as  temperature,  water  deficit,  radiation,  soil  nutrients,  and 


insects  and  diseases,  these  fiictors  i 


; deviations  in  forage  nutritive  value  (Buxton  and 
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FaJes,  1994).  Nelsoaaod Moser (1994) stmud the imponaoceofagood 
charectenzBiioo  of  forage  species,  cultivars.  stage  of  loatutic)',  and  eoviroimieotal 
conditioiis  during  growth  when  airimiil  perfonnsnce  is  reported. 

Hanna  et  al  (I979)r^nedIVDMDor660gkg''  DM  at  anlhesis  of  pearl  millet 
inbred  22DA,  dropping  to  S94to  60S  gkg  ‘ DM  2 wk  later.  Monsonet  al  (1969)  usmg  a 
nylon  bag  method,  reported  DMD  for  dwarf  pearl  millei  leaf  and  stem  fractions  at  five 
dates  of  sas^ling  separated  by  2-wkimerval5.  Leaf  DMD  decreased  from  768  to  657  g 
kg''  DM  and  cuhn  DMD  fiom  688  to  548  g kg'*  DM  in  samples  coQected  at  a progressive 
stages  of  maturity  from21  August. 

Pearl  millet  digestiUe  DM  conceotraiion  deaeased  from  786  to  559  g kg''  DM 
and  net  energy  for  lactalkm  (NEL)  decreased  from  6.08  to  5.16  MJ  kg*'  for  plants  at 
three-leaf  stage  and  beading  stages,  respectively  (Kim  and  Han.  1 990).  The  best  time  for 
barvestiog  to  optimize  DM  production  and  quality  would  appear  to  be  between  the  bloom 
and  dough  stages.  When  the  green  chop  is  harvested  after  2 and  3 mo  of  growth  the  CP 
concentiatkia  of  pearl  millet  decreased  from  10.9  to  5.356  (by  50%),  but  sorghum  CP 
dechoed  about  a tlmd  with  a similar  advance  in  maturity  (Rachie  and  Majmudar.  1980). 
Messman  et  aL  (1992)  reported  that  pearl  millei  silage  with  23.4%  DM  had  12%  CP. 
66.6%  NDF.  and  42.5%  ADF.  They  did  not  find  differences  in  mini  production 
comparing  pearl  milin  silage,  pea-criticale  silage,  and  a control  (alialia  and  com  silage). 
Pearl  millet  cv.  'Comum'  in  south  BrazD.  yielded  10,700  kg  DM  ha  ' in  four  harvests  whb 
average  CP  concentration  of  196  g kg  ' DM(Frenas.  1988). 


Forage  quality 


DifTereiices  in  forage  quality  sliould  be  ejqtressed  through  diifereDces  in  urimal 
performance  (e.g..  daily  gain,  milk  production,  etc.)  when  anmuil  potential  and  forage 
quantity  are  not  HnTTring,  and  no  supplemental  oiergy  and  protein  are  {Hovideil  (Moore, 
1994).  Animal  gain  is  mOueoced  by  many  animal  and  plant  foctora,  most  notably  dry 
manerimake  and  digestildity  (Coleman  et  ah,  1989).  For  instance,  intake  of  a dairy  cow 
depends  upon  many  variables  mcluding  livewei^it,  level  of  milk  production,  stage  of 
lactatioa.  environmental  conditions,  management  and  social  factors,  previous  feeding 
histoiy,  body  coodmon.  and  type  and  quality  of  feed  ingredients,  parncularly  forages 
(NRC,  1989). 

Well  managed  suxmner-ammal  grass  pastures  can  result  in  animal  performance 
similar  to  that  from  allalfo  (Fribourg,  199S).  Marshall  et  ah  (1953)  studied  pearl  mQlet  in 
Florida  that  was  kept  in  a vegetative  and  palatable  condition  by  rotationa]  stocking  and 
mowingstubUefoIlawingeacbgrazing  to  stimulateproductionofiiewsboots.  TbeS-yr 
average  carrying  capacity  was  3 cows  ha'' with  13.8kgmilk(fot  coirected  to  4%).  and  4 
kg  daily  concentrate  consimgitioii.  The  CP  concentration  during  the  first,  third,  and  fourth 
rotations  of19S2  were  234, 240,  and  215  gkg''  DM,  indicacing  high  nutritive  value  was 
mainiained  throughout  the  grazing  season.  Alba  and  Siller  (1979),  during  12  periods  of  5 
to  27  d,  reported  average  daily  milk  pmducDon  of  13  kg  for  stargtass  (Qnodon 
nfenyiie/tris  Vandeiyst)  and  17.8  kg  for  pearl  mUel  cv.  'Apadaca22'. 

Pearl  millet  was  superior  to  'TiA'  sudengrass  or  grain  sorghum  as  a summer 
grazingpasture  for  lactatmg  dairy  cows  in  Mississippi  (Marshall  et  ah,  1953).  InaS-yr 
expeiimem,  Clark  el  ah  (1965)  noted  a milk  fot  depression,  averagmg  0.13  percentage 


I gnzing  pearl  millet  relative  to  i 


sudaagnias  hybrid  pajtvires.  The  difference  was  accentuated  by  tngli  grain  supplemen 
levels.  RachieandMajniudar(1980)reportedamilk{3tdepressiotiiDdairycowsfbr 
toillet  (2.85%)  compared  witli  siidangrass  (3.64%).  Decreased  ^t  coscemiatioD  of tmik 
was  accoinpaiued  by  a reducdon  in  the  saturated  fatty  acid  conceotratioii,  but  this  decline 
was  corrected  by  supplementing  with  sodium  acetate.  Cows  gmsng  pearl  millet 
supplemenied  with  8 kg  cT'  of  concentrate  produced  20  kg  d~’  of  milk,  but  fat  decreased 
21%  from  that  of  cows  grazing  sudaogrnss  (Miller  et  aL,  196S).  Messman  et  aL  (1992) 
did  not  find  diSerences  in  milk  fat  concentration  comparing  peart  millet  ^ge,  pea-trilicale 
silage,  and  a control  (alfalfa  and  com  silage),  but  reported  lower  milk  protein  for  cows  fed 
peart  miDet  than  for  (be  controls.  Tbe  authors  suggested  that  a d^ressfan  in  protein 
concentration  could  been  caused  by  reduced  energy  intake. 

Beef  cattle  gain  of  I kg  per  animal  per  day  on  Sudan  grass  pastures  are  common 
(USDA,  1969).  Peart  millet  is  capable  of  producing  daily  tiveweigbt  gain  of  about  I kg 
animar'  and  up  to  400  kg  ba  ’ dunog  a 90-d  grazing  period  (McCanor  and  Rouquette, 
1977).  During  2 yr.  Johnson  eial  (1978)  evaluated  tbe  performance  of  dairy  beifers 
grazing  'Gain  3'  andTilleaf  I millets  relative  to  that  of  heifers  grazing  Gabi  1.  a widely 
grown  hybrid  nnllel.  After  plant  height  reached  45  to  50  cm.  tbe  xmDels  were  grazed  for 
S6d.  Heifer  initiaJ  liveweighl  was  315  and  268  kg  mthe  first  and  second  years, 
respectively.  Thestacldngratewas7.2aDd  S.Sanimalsha' intlie2  yr.  Daily gainper 
animal  over  both  years  averaged  0.63. 0.76,  and  0.84  kg  from  Gobi  1 . Gain  3.  and  Tifleaf 
1 . respectively. 
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Dwarf  pearl  millet  supported  fewer  steer  days  than  tall  miUei.  but  the  steer  gain  per 
hectare  was  the  same  due  to  a 20%  bener  daily  gain  (Burton  et  ah,  1969).  Yearling 
heifers  gra2agTiileaf2  gained  0.64  kg  if'end  yielded  411  kg  ha' (Hm  et  ah.  1989  and 
1995). 

Josifovicb  and  Ceressetio  (1989),  in  a trial  at  Pergamino.  Argesiina.  stocked  steers 
weighing  334  kg  for  8 1 d on  sorgbum-sudangrass  cv.  'Sudancross  2'  and  for  73  d on  pearl 
millet  cv. 'Selection  Pergamino'.  aoewdwaifcultivar.  Initial  DM  availability  was  lower 
in  pearl  millet  than  sorghum  but  regrswtb  was  greater  in  pearl  millet.  Daily  weight  gains 
per  animal  were  0.67  kg  whb  a stocking  rate  ofS.7  animaisba  ' on  sorghum  and  0.S8  kg 
wiihS.8  animals  ha''  on  pearl  milln.  Totalbeefproductionwas325kgha  ' for  sorghum 
and  261  kg  ha  ' for  pearl  millel. 

InBrariL  Coser  and  Maraschin  (1983)  reported  no  differences  in  animal  gain 
between  pearl  millet  cv.  Coimun  andsorgbumcv. 'SordanNK'.  Heifer  average  daily 
gain  was  0.78  and  0.71  kg,  whereas  the  hveweight  gains  were  479  and  401  kg  ha''  on 
pearl  millel  and  sorghum  pastures,  respectively.  Moiaes  and  Maraschin  (1988)  reported  a 
posmve  linear  relationship  between  animal  gain  and  forage  allowance  for  steers  grazing 
pearl  millet  cv.  Commn.  As  grazing  pressure  decreased  the  daUy  Itveweighl  gain 
increased  from  0.50  to  1.24  kg,  the  animal  days  ba  ' increased  from  334  to  604,  while  gain 
per  area  increased  from  259  to  572  kg. 

Pearl  mOlet  was  evaluated  during  3 yr  from  My  to  September  in  Nortb  Carolina  as 
creep  grazing  pasture  and  conqrared  with  a red  cIover-Keimicky  bluegrass  (Poo  praiensis 
L.)coniroL  Calf  average  daOy  gains  on  Tifleaf  pearl  millet  ranged  from  1.05  to  I .D9kg, 
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but  were  similar  to  tbe  control  (Harvey  and  Bums.  19S8).  In  that  esvtronmeiit,  both  pearl 
millel  and  red  clover  can  provide  hi^  quality  forage  during  the  summer  stress  period 

Foraae-Livesiock  Systems  Usiiia  Annual  Wann-Seasoo  Grasses 

Suminff-annual  grasses  are  used  worldwide  as  a conqronent  of  production  systems 
to  irrqrrove  forage  yield,  forage  distribution,  and  nulnlive  value  in  mtensive  year-round 
forage  systems  such  as  for  lactatmg  dairy  cows.  Belesky  et  al  (19S1)  in  Georgia 
increased  and  ixrqrroved  forage  distribution  for  year-round  gramg  by  seeding  sorghimr- 
sndangrass  hybrids  into  a tall  fescue  (Festuco  arundinacea  Sclrreb.)  sod  after  the  flush  of 
spring  growth  by  fescue,  and  by  seeding  rye  (5eco/e  cerenle  L.)  in  early  October.  A laH 
fescue  monoculture  yielded  7.400  kg  DM  ha  ' yr  '.  while  the  fescue-sotgiiuin-rye  system 
yielded  1 1,100  kg  DM  ha'  yr'.  Sor^uim  accoumed  for  4S%  of  the  total  DM  yield 

In  tbe  New  Zealand  dairy  forage  system,  ryegrass-while  clover  is  msufficieiit  for 

6,000  kg  DM  ha  ' vs.  2,800  kg  DM  ha  ' for  ryegrass-white  clover  panuie  during  summer- 
earlylalL  In  a system  consisting  of25%  Sndax  and  7591  pasture,  Sudan  comribuied5S  to 
59%  of  the  sumtoer  din.  The  composhion  of  tbe  Sudan  consumed  was  40%  leaf  blade, 
I8%sbeatlx  38%siem,  BDd4%iniIore$cence.  ThelVDMD  was  similar  to  that  of  pasture 
(669  vs.  660  gkg  ' DM),  and  over  an  82-der^ierimeot  daily  liveweighi  gams  were  0.89 
and0.85kgfor  pasture  phis  Sudan  vs.  pasture  alone  (Causley,  1989). 

Muehhnaim  n aL  (1997)  in  Brazil  coir^ared  summer  pastures  for  early  weaned 
(94  d)  boiines  wei^iing  84  kg.  In  a 83-d  e 
native  grassland  elepbanigrass  (fennuetm 


experimem  (7  Feb.  to  1 May  1991)  during  winch 


pearl  millet  were  grazed,  average  daily  gam  was  0.012, 0.17$,  0JI4.  and0.2$7  kg;  gam 


ha''wasI6,197.33S.aod310kg.aiidTDNbB'’was617. 1861, 1629,  aid  1854  kg, 
respectively.  Heifers  on  native  grassland  had  inferior  performance  coicfiared  to  that  on 
benmidagrass  and  pearl  miDei  pastures. 


Common  bennudagrass  (C>7iodon  docn/on  [L.]  Peis.)  isa  cosmopoliian  weed 
(Harlan  aid  de  Wet,  1969),  forage,  and  turfgiass.  According  to  Harlan  (1970)  there  is  no 
record  ofthe  first  USA  introducdanofbenmidagrass.  Because  h can  be  propagated  by 
seed  yet  has  stolons  and  rhizomes  it  is  easfiy  spread,  and  it  was  a difficult  weed  problem 
for  most  southern  farmers  imerested  in  growing  cotton  (Gossypium  spp.)  and  com  {Zea 
mays  L.).  Coastal  bermudagiass.  released  in  1943  can  be  considered  a landmark  for 
livestock  deveiopmem  mtbe  soutbeasteroUSA(Harlan,  1970).  Due  to  better  forage 
yield,  and  lack  of  seed  production,  and  fewm  rhizomes  than  common  bemiudagrass  it  is 
less  aggressive.  Accoidingto  Burton  and  Hanna(1995),  allbou^ benmidagrass  cultivais 
need  to  be  planted  vegelatively  they  occupy  about  10  nnllion  ha  worldwide. 

Benmidagrass  and  tall  fescue  have  been  termed  unsuitable  forage  resources  for 
high-producing  dairy  cows  (Wangsness  and  Muller,  1981)  because  they  require 
considerable  supplemental  concentrate  to  sustain  high  production  (Bums  and  Bagley, 
1996).  Burton  and  HaDEa(I99S),  however,  reponed  that  cows  on  a four-pasture  rotation 
in  which  laciadng  dairy  cows  grazed  new  growth  of 'Coast-cross  I' benmidagrass  in  a 
leader-follower  system,  produced  4SS0  kg  of  milk  per  lactation  without  any  concentrate. 


‘TiftosS5' is  a hybrid  between  8 South  African  bermudagrass  iotroductioii  and 
Tifron  6i  (C.  niemfumis)  developed  at  Tiftoa,  GA  Burton  et  al  (1993)  described  it  as 
tflUgr,  with  larger  culms,  broadm  leaves,  and  darker  great  color  than  otha  bermudagrass 
bytoids.  Tittoo  S5  yielded  26%  more  DM,  was  1 1 % more  digeslible.  and  more  succulent 
at  harvest  than  Coastal  (Burton  a al,  1993).  HiUet  al.  (1993)  reported  greater  yield  of 
Tiflon  85  relative  to  11(100  68  (18,600  vs.  15,200  kg  DM  ha  ')  in  3-yr  dipping  trial 
howeva,  IVDMD  was  higher  in  Tiilon  68  (636  vs.  603  g kg'*  DM),  while  Coastal  yielded 
1 5,500  kg  DM  ha''  with  mean  IVDMD  of  543  g kg  ' DM. 

Hke  et  al  (1997a,b)  evaluated  Tifton  85  bermudagrass  and  Florigraze  rtuzoma 
peanut  (ArachSs  glabnaa  Bench.)  pastures  that  were  imenstvely  managed  for  grazing  by 
lactating  cows  in  Florida.  Cows  were  fed  coocouiate  at  a rate  of  1 kg  for  enba  2 or  3 kg 
of  milk  of  daily  milk  production.  Rhizoma  peanut  had  higha  CP  (191  vs.  135  g kg' DM) 
and  IVOMD  (713  vs.  628  g kg  ' OM),  and  Iowa  NDF  (455  vs.  804  g kg  ' DM)  than 
bermudagrass,  resultingin  anadditional  1. 1 kgmilkcow'' d'.  Average  milk  yield  per 
hectare  of  two  siockmi  rates  was  lower  on  rhizoma  peanut  than  bermudagrass  pastures 
(42.2  vs  54.6  kg  ha' d ').  Rhsoma  peanut  bad  higha  daily  milk  production  per  cow  at  5 
cows  ha  ' (17.3  kg)  than  al  7.5  cows  ha  ' (16.6  kg),  but  milk  yield  pa  hectare  increased 
from  34.5  (5  cows  ha'')  to  50  kg  ha''  d''  (7.5  cow  ha''),  while  bermudagrass  pastures  had 
the  highest  dailyyield  pa  cow  (15.9  kg)  and  pa  hectare  (63.5  kg)  with  10  vs.  7.S  cows 
ha'*.  The  greaia  stocking  rate  increased  milk  production  of  cows  grazing  bermudagrass 
but  lowered  milk  production  of  cows  grazing  rhooina  peanut  suggesting  that  nutritive 
value  may  have  declined  due  to  underutilization  of  bermudagrass  while  udlizstion  may 
have  peaked  in  the  rhizoma  peanut  pastures. 


Is  Bortli  ccncal  Florids  (Pedjeira  ei  aL.  199S)  compared  Horakirii  aodTiftoa  iS 
bermudagiass  pastures  connmiously  Slocked  whh  yeartmg  beef  heito  during  a 3-}T  trial 
(160  d }t')  using  a variable  stocking  rate  and  recesviog  21 0 kg  ha  ' N in  four  applications 
>T'' . Average  daily  gains  were  the  same  for  the  two  cutdvars  (0.6  kg).  Tiflon  85  herbage 
was  30  g kg  ' OM  more  digestible  than  Floraksk  (S62  vs.  531  g kg  '),  but  CP 
concentration  was  similar  and  annual  means  ranged  horn  lOS  to  132  g kg''.  Because  of 
higher  herbage  yield.  Tifton  85  pastures  supported  higher  stocking  rates  than  Florakhk 
(6.0  vs.  4.0  heifers  ha  '),  resuttmg  in  higher  gain  per  hectare  for  Tiflon  85  (648  kg)  than 
Florakhk  (371  kg).  The  authors  reported  stand  loss  for  Floiakiik.  and  suggested  that  it  be 
used  only  under  rotational  stocking  or  for  hay. 


Most  of  the  widely  adapted  and  productive  cultivated  cool-seasou  grasses  have 
their  origin  in  Eurasia  and  Medherranean  regions  (Moser  and  Hoveland,  1 996).  Small. 
grain  species,  such  as  wheat  {Tririam  aes/ivumh.  emend.  Then.),  oal  (.fvenu  roO'va  L.), 
and  rye  {Steals  cenU  L.)  have  beoi  developed  from  wild  ancestors  and  now  are  used  as 
grain  oops,  pasture,  silage,  and  hay  (Phillips  et  al,  1996).  Apprommalely  35%  of  the 
cuhivBted  larvl  in  the  world  is  used  to  grow  arnmal  cool-season  grasses  (Phillis  et  aL. 
1996).  Small  grains  can  be  grazed  during  vegetative  stages  and  subsequently  sdll  produce 
gram.  They  produce  high  quality  forage  when  warm-season  species  are  not  available  or 
have  low  nutritive  value.  Another  cool-season  grass,  hahan  ryegrass,  isoneofthemost 


1 (Jung  el  al,  1 996).  because  it  ealends  the 
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grazing  period,  has  high  nutritive  value,  is  conqradble  with  and  easy  to  esiabhsb  in  warm- 
season  perennial  grass  pastures,  and  is  tolerant  of  differem  defohatioD  regmens  and 
stocking  rates.  Ihe  itqionnnce  of  the  small-grains  and  ryegrass  in  the  southern  USA  can 
be  assessed  by  considetmg  the  seed  market:  the  annual  sale  of  seeds  is  enough  to  plant  6 
million  bo  of  winter  pastures  (Moser  and  Hoveland,  1 996). 

Cool-season  legumes  are  high  in  quality  and  result  in  mqiroved  animal 
perfonnance.  Redclover  (r/iyb/ftoMpmrenseL.)  is  a sbon-Svedpermnial  that  persists  for 
I to  3 yr,  but  usually  under  Florida  conditions  behaves  as  a wimer  armiial  *Chgokee’, 
developed  in  Florida,  is  the  highest  yielding  cultivar;  it  produced  about  8,000  kg  DM  ha'‘ 
at  Gainesville  in  four  harvests  from  late  January  to  June  (Chambliss  and  Queseoberry, 
1996).  It  is  tbe  only  variety  currently  recommended  for  Florids  forage  producers  (Stanley, 
1999a).  Crimson  clover  {TrifoUum  incamatum  L.)  is  a winter  atmual  often  seeded  m 
mixture  with  small  grains  and  ryegrass.  It  flowers  and  stops  growing  about  mid-April 
(Stanley.  1999b). 

Yield  and  Yield  Distributiop 
Planting  dale 

Cool-season  grasses  require  tenqteraTures  between  20  and  25^  for  optinium 
growth.  When  temperatures  are  below  1 0°C  or  above  25'C  growth  drops  rapidly.  Slow 
growth  occurs  at  S°C  and  may  cease  above  30  to  3S°C  even  if  soil  moisture  is  adequate 
(Moser  and  Hoveland.  1996).  Cool-season  forages  are  planted  at  the  begmning  of  tbe  M. 
but  soil  moisture  is  the  most  critical  foczor  in  determining  when  to  Stan  plantmg.  In  north 
central  Florida  annual  cool-season  grasses  generally  should  be  planted  from  1 S October  to 


IS  November  asdryegrass  from  I Ocioberto  ISNovosber.  Earlier  plantmg  inaeases 


risluofhigb  temperature  and  inadequate  moisture,  as  well  as  competibon  from  warm- 
season  species  and  greater  susceptibility  to  insects  and  M leaf  diseases  (Qiambliss,  1999). 
Small  grams  sown  for  forage  should  be  seeded  3 to  4 wk  earlier  than  for  grain  producrioD 
alone.  Frame  et  al  (1997)  recommended  sowing  red  clover-grass  mcrtures  earlymthe 
season  to  ensure  sads^ory  estabhshmenl  ofredctoverrelalive  to  that  of  the  grass, 
however  forage  legumes  arc  more  sensitive  to  low  tengKtatures  than  cool-season  grasses 
(Faleset  al,  1996).  Ciimson  and  red  clovet  are  recommended  to  be  seeded  in  Florida 
from  1 October  10  15  November  (Chambliss,  1999).  Evers  et  ah  (1997)  suggested  that  in 
Texas  opriimini  planting  time  for  atmunl  ryegrass  is  September  on  prepared  seedbeds  or 
October  if  over-seeded  on  a warm-season  perennia]  grass.  Planting  in  September  carries 
with  it  the  risk  of  seed  gertnmatioo  from  existiDg  moisture  or  light  rain  foDowed  by 
subsequent  seedling  death  from  drought.  On  the  other  hand.  Ballet  al.  (1991)  indicated 
(hat  October  rainfall  isnormalty  low  and  undependable  in  the  eastern  part  of  the  South, 
often  delaying  estabhshmeni.  Alison  and  Ashley(1993)recommended  mid-October  as  tbc 
optimum  time  for  overseeding  annual  ryegrass  on  warm-season  perennia]  grass  in  the 
lower  South.  Thus,  over-seeding  cool-season  species  should  occur  when  temperetures  arc 
cool  enough  (o  limn  growth  and  congietitxm  from  the  warm-seasou  grass,  and  when 
moisture  is  sufficiem  to  allow  seedling  emergence  and  survival  from  seed  planted  at  or 
near  the  soil  surface. 

Elder  (I960)  reported  the  effect  ofplantmgdalesat  2-wk  tsiervals  from  10 
September  to  25  November  on  forage  distiibutiQn  and  concluded  that  although  the  10 
October  plaming  made  more  growth  after  early  November  than  did  the  10 


I September 


:ofi7e-oai-vetch(l^cia^.)duniiga  6- 


planmg,  the  first  planimg  date  bad  produced  moi 
Jaouary.  The  same  author  evahiaied  tbe  mixniie 
yr  trial  Hereponed  ADC  of  0.7  kg,  a stoddng  rate  of2.7  animals  ha  ',  and  gam  ha  ' of 
260  kg  during  140  d on  pasture,  100  d of  wfaicta  were  grazng  during  winter. 

In  tbe  Tennessee  Valley.  Hoveland  and  Ahsoo  (1982)  reported  that  red  clover  (7. 
pratense  L.)  and  ladina  clover  <7.  repens  L.)  with  rye- ryegrass  furnished  higher  total  yield 
thanoiherwimer-aimualleguiDesorrye-iyegrassphu227kgNha''.  Further  south,  in 
AJabama.  winter  annual  legtimtes  such  as  arrowleaf  (7.  vesiailosum  Savi)  and  crimson 
clover  (7.  ineamiiwn  L.)  were  equally  productive. 

Forage  yield  and  yield  distribution 

Forage  produebon  of  annual  cool-season  grasses  may  be  separated  in  two  phases 
(fab  and  spring)  and  two  types  of  growth  (vegetative  and  reproductive).  Tbe  vegetative 
phase,  usually  in  (be  fall  represents  one-third  to  oae-halfoftoial  DM  produebon  and  is 
cotqiosed  ahnosi  exclusively  of  leaf,  while  the  reproductive  phase  in  the  spring, 
charaaerized  by  rapidly  growing  plants  with  more  culm,  represents  one-half  to  two-thirds 
ofthe  total  (Phillips  et  al,  1996). 

Annual  cool-season  grasses  may  be  available  for  grazing  in  the  South  from 
Novemberto  May  (Phillips  etal,  1996)  and  are  used  to  fill  tbe  fall  and  wimer  void  of 
system  based  on  warm-seasoD  perennials.  Kouqueneet  al  (I997)agreedthauliese 
species  can  provide  fall  graztng  when  planted  on  prepared  seedbeds,  however,  most  areas 
are  sod-seeded,  which  may  not  provide  continuous  forage  production  in  the  southeastern 
USA  until  late  December  to  mid-February. 


ellonvcy 


Rye  is  more  productive  than  other  anmial  cool-seasoo  grasses  on  san 
drained  soils  of  low  fertility,  while  oat,  wheat,  and  barley  do  not  grow  as  we 
sandysoils(FhillipselaL.  1996).  Oat  grazed  by  lactating  dairy  cows  had  an  average 
carrying  capacity  of  2.7  cows  ha  ',  however,  because  it  fitrtiished  less  forage  during  early 
January  to  mid-Februaiy  than  during  fall  and  early  spring,  forage  should  be  aDowed  to 
accumulate  in  fall  for  use  during  the  colder  period  (Marshall,  1 9S7). 

Rye  produces  more  fall  forage  than  spring  forage,  udiile  oat  production  is  variable 
and  usually  the  lowest  of  the  annual  cool-season  grasses  (Phillis  et  al,  1 996).  Mixtures 
ofspecies  are  used  to  increase  forage  production,  to  lengthen  (he  forage  producdon 
season,  to  iugirove  forage  nutritive  value  late  in  the  season,  and  to  reduce  the  risk  due  to 
weather  conditions.  In  practice,  mixtures  of  small-graiDS  and  anmal  ryegrass  are  often 
used  in  grazed  forage  systems  (Bagley  el  ah,  1988).  Bransby  and  Gamble  (1993) 
congared  animal  performance  of  ‘Bond'  rye  alone  or  rye  phis  'Marshall'  ryegrass.  The 

1.1  kg),  which  ledto  higher  gain  per  beoare  (380  vs.  520  kg). 

Annual  ryegrass  is  very  tolerant  of  frequent  and  severe  defbliatioo  and  often 
supports  2000  kg  ha  ' body  weight  for  a 75-  to  1 00-d  period  in  the  spring  (Rouquene  et 
ai„  1 997).  Combming  clovers  with  ryegrass  provides  animals  with  a potentially  higher 
nuiiiiive  value  diet,  however,  in  Texas  most  oftbe  DM  production  from  legumes  overlaps 
with  that  of  ryegrass  during  late  winter  to  late  spring.  When  ryegrass  is  used  with  small 
grains  it  generally  provides  forage  for  gramg  during  fall  as  well  as  during  whner  months 
(Rouquene  et  aL,  1997). 


LinmAlioDs  of  autumn  forage  production  < 


ilhistrated  by  Hoveland  el  at  {1991) 


ina3-yrtiial.  E)aily  gmnsofcrosslued  steers  gnusng  tall  fescue  iertiUzed  with  136  kg  N 
ba  '.  tail  fescue-terdsfeot  Crefol  (lUirur  comicutalus  L.).  tall  fescue-clover,  and  rye- 
Tyegrass-crimson-136kgNb8''  averaged  0.88, 1.02,  1.05.  and  1.08  kg.  respectively. 
Autuinn  grazing  was  obtained  only  from  3 Oct.  to  16  Dec.  1985  ontall  fescue  treatments, 
and  from5  Novemberio  16  Decemberonwinter  annuals.  Nitrogen  fertilizer  was  applied 
at  63kgha  ‘ in  Septemba- and  again  in  February  each  year  to  Ibe  laD  fescue-N  and  the 
winter  ammals-N.  Except  for  34  kg  N ha'*  at  planting  no  N was  applied  to  the  tall  fescue- 
ctever  or  tall  fescue-birdsfoal  trelbil  pastures. 

Forage  Nutritive-Value  and  OualitY 


Cool-season  grasses,  when  utilized  in  the  vegetative  stage,  are  high  in  digestible 
energy  and  protem  (Moser  and  Hoveland.  1996).  The  difrerences  in  chemical  composition 
between  cuhivars  were  probably  due  to  differences  in  the  stage  of  maturity  and  the  tnng  of 
harvest  (Bamect  and  Stanley.  1976).  MinsonandMcLeod(1970)sunmiarTzed  invivo 
digesiitdily  data  from  various  studies  that  included  over  500  cool-  and  warm-season 
grasses.  They  reported  that  cool-season  grasses  averaged  1 28  g kg  ' higher  in  digestibilily 
chan  warmseason  grasses.  Ulyan  (1981 ) reported  average  digesQtnliiy  over  the  season  of 
about  700  g kg  ' fer  cool-season  grasses.  Cool-season  forages  in  vegetative  stages  of 
growth  usually  have  digestibilily  higher  than  700  g kg  ' DM.  and  sometimes  exceed  800  g 
kg*' DM  intbe  first  weeksoftbe  grazing  season.  TheCPi 


1 of  cool-season 
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species  ranges  from  200  to  500  g kg ' DM.  and  ike  leaf  that  are  grazed  are  soiDetinies 
greater  than  300  g kg  ' DMfLippke  and  Elbs.  1997;  Frame  eiaL,  1997). 

Forage  quality 

Animal  performance  on  cool-season  grass  pastures  is  generally  very  good  due  to 
high  nutritive  value  and  congrensalory  gain  if  aeimals  had  been  on  a relatively  low  plane  of 
mmitionfMoser  and  Hoveland.  1996).  For  ammals  on  a bi^  level  of  outiitioo.  such  as 
dairy  cows  fed  com  sOage.  perfonnaoce  may  drop  when  grazing  cool-season  grasses. 

This  occurs  because  the  energy  level  may  not  be  adequate,  thus  supplemeniatioD  of  energy 
and  rumen  bypass  protein  may  enhance  animal  performance  with  hish  cool-season  grass 
pastures,  such  as  wheat  and  ryegrass,  even  though  they  are  high  in  digesntnlity  and 
degradable  protein  (Moser  and  Hoveland.  1996). 

Milk  production  per  heoare  from  cool-season  grasses  in  Europe  ranged  from  5500 
to  29000  kg  ha  ' and  about  6000  kg  cow '.  while  in  New  Zealand  it  was  10,400  kg  milk 
ha  ' and  540  kg  fei  ba  ' when  no  concentrate  was  fed  (Bums  tod  Bagtey.  1996).  The 
greatest  production  per  area,  in  the  Netherlands,  was  due  to  high  N fertilizer  inputs  and 
very  high  stodang  rate  (4.8  cows  ha  ')  because  the  milk  production  per  cow  5980  kg  was 
simUarto  that  obtained  in  several  European  countries  (Bums  and  Bagley,  1996).  These 
authors  cited  several  references  in  which  ahDc  production  per  cow  ranged  from  6 to  1 1 kg 
d '.  however,  with  siockhig  rates  used  in  these  situations,  milk  production  on  a per-unh 
land  basts  ranged  from  4000  to  13.000  kg  ha  '.  Dark  eiaL  (1966)  reported  corrected 
milk  (FCM)  yields  of  8900  kg  ba  ' from  a ryegrass- 'Midland'  bermudagrass  grazutg 
system  on  which  laclatmg  cows  produced  an  average  of  16.7  FCM  d*'.  This  axoouiu 


exceeded  that  from  orcbordgrass  alone  by  over  2900  kg  ha  ‘ and  an  orcbardgraM-IadiDO 
clover  mixTure  ^ 3500  kg  be  ' . 

Roiupiene  et  aL  (1997)  described  an  east  Texas  system  in  wfaicb  grazing  cows 
have  access  to  hay  ad  litxtum.  are  roiationally  stocked  on  ryegrass-iyt  pastures  at  stocking 
deosities  of  about  50  cows  ha*'  and  are  moved  to  new  paddocks  a twice-a-day.  In  this 
system,  iriillf  production  has  been  timited  to  about  6550  to  6810  kg  cow'’  yr*’,  with  net 


Long-tetm  (over  100  d)  average  daily  gains  (ADC)  ofbeef  cattle  grazing  annual 
cool-season  grasses  vary  from  0.6  kg  to  1-6  kg,  while  short-lenn  (less  than  45  d)  ADC 
may  exceed  IJ  kg  (Bagley  et  al.  1988tDalryiigibe,  1984).  Usual  daily  gams  of  calves  on 
ryegrass  pastures  may  be  greater  rtifle  I kg  and  from  450  to  900  kg  ha*'  (Rouquette  et  ah. 
1997). 

trrawKj  hv  1 Dairy  Tfiwt 

This  sectioD  will  cover  aspects  related  to  intake  of  herbage,  problems  related  to 
fonnulation  of  adequate  diets  for  high  producing  lactating  dairy  cows,  and  beat  stress 
Ihniutioos  in  Florida  grazing  synems. 

Intake  and  digestibibty  of  fbiage  are  key  toots  that  determine  animal 
performance  of  grazing  animals  (Mmson.  1990).  There  is  usually  a positive  relationship 
between  digesu'bility  and  daily  intake  within  forage  species,  however  deviations  occur 
among  plam  species,  varieties,  and  plant  parts,  consequently  cotreiatiou  between 
digestfrnliry  snd  intake  may  be  low  (Buxton  and  Mertens,  1995).  Intake  is  generally  more 
ingxirtanlthan  digestibiiity  in  csusmg  differences  in  digestible  DM  intake  (Waldo.  1986). 


(Miiuoa,  1990)  iodicaiedthaiiDUke  accounts  for  approximately  7SVo  oftbe  vans 


amosg  forages  in  lennsofanimaJ  performance,  while  Meneas  (1994)  suggested  that  h 
accounts  for  about  60  to  90%  and  digestMity  10  to  40%.  Both  intake  and  d^estibility 
are  inrhii^r^irt  by  proportion  of  ceD  waU  material  at^  the  resistance  of  fiber  strucnires  to 
breakdown  during  mastication  and  digestion  (Wlson  and  Mencns.  1995).  The  intake  of 
herbage  by  lactating  dairy  cows  is  the  major  fiictor  liinitiog  milk  production  from  pasture 
(Leaver,  1985;  Reis,  1998). 

There  are  differences  in  tniake  between  grasses  and  legumes,  leaf  and  stem, 
tropical  and  temperate  species,  and  even  cvltivars  witb  the  same  level  of  digestibility 
(Minsoa  1990).  Cosgrove(!997)rel8iesibaidifferencestnintakearemainlydueto 
forage  con^sition.  besically  fiber  concentratioD.  itsreieotiontime  and  ease  of  particle 
breakdown  tit  the  rumen.  Tbe  actual  prebension  of  material  by  grazing  animals  is  probably 
influenced  by  acaiomica]  charactensticsthaimgrart  structural  streogtb  (WQson,  1997). 

The  weD-known  selection  oflearbygrazing  animals  isdue  in  part  to  greater  expenditure 
of  energy  and  time  spent  cbewing  during  eating  of  stem  compared  to  leaf  (Wlson,  1 997). 
It  bas  been  suggested  that  C4  tropical  grass  leaves  may  be  tougher  and  require  more 
chewing  during  eating  thanC3  lemperaiegrasses.  WilsonetaL  (1989)  demonstraied  this 
by  deiermintrg  that  tbe  chewed  and  swallowed  leaf  particles  of  green  panic  were  smaller 
(ban  (hose  of  ryegrass. 

Tbe  potential  intake  of  forage  varies  with  physiological  status  of  tbe  animal,  for 
TTiBiince.  laciating  females  need  more  than  young  growing  animals,  which  need  more  than 


(Buxton  and  Mertens.  1995).  In  addition  to  the  i 
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structure  and  amount  of  forage  and  hertiage  composition  are  important  factors  related 
wrtb  the  quantiTy  ofbezbage  eaten  by  gramg  animik  (Waldo,  1986;  Minson,  1990; 
Cosgrove,  1997).  Tbe  amount  ofDM  consumed  byamindng  dairy  cow  depends  on  many 
variables  mchiding  Uveweigbt.  level  of  milk  producDOD.  stage  of  lactation,  environmemal 
conditions,  matagemem  and  social  foctors.  previous  feeding  tustory.  body  condition,  and 
type  and  quality  of  feed  ingredients,  particularly  forages  (NRC,  1989).  TheARC(l980) 
has  assumed  in  tbe  absence  of  precise  evidence  of  tbe  contrary  that  imake  in  dairy  cows 
varies  according  to  LW°’‘.  Tbe  intake  of  herbage  ^ lactattng  cows  is2S-S0%  greater 
iban  by  non-laciacing  cows  (Leaver,  I98S).  NRC  (1989)  eo^basized  that  tbe  limhed  DM] 
data  from  bi^-yielding  cows  and  tbe  many  variables  that  affect  intake  make  it  difficult  to 
predict  TTumtnuin  DMT  with  accuracy. 

Tteories  oflntaW  BemilMinn 

Managemeot  to  increase  cow's  DM  iniake  requires  a better  uodersiaading  of  tbe 
ntieractions  between  sward  characteristics,  grazing  behavior,  and  forage  intake  (Reis, 
1998).  Consequently,  intake  potential  of  a forage  can  be  better  uiaderslood  when  tbe 
relative  in^sonance  of  animal  and  plant  lectors  is  known.  Tbe  three  major  regulators  of 
intake  by  ruminants  are  physical  Hmhations,  phyaological  cotrtrol,  and  psychogenic 


Physical  linittaiioas  to  iniake  or  gut  GR  occur  when  animals  eat  until  rumen  and/ot 
Iowa  imestmes  reach  conslam  filL  for  example  when  forages  with  high  NDF 
concentration  and  low  available  energy  art  fed  to  animals  with  high  energy  demands,  the 


inuke  will  be  limited  by  pbytucal  fin.  Whbic  limiu,  DM  inuke  increases  as  tbe  digestibOiiy 
increases  (NUC,  1 989),  however  tbe  relationsbip  between  buake  and  digestiUliiy  is  not 


consistent  across  species  or  for  different  coiqioDents  of  pastures. 

Physiological 

PbysiologicaJ  control  occurs  when  animaT  potentia]  and  not  forage  cbaractenstics  is 
detertnming  intake,  for  example  when  high  quality  forages  are  fed  to  animals  having  only 
mamtenaoce  requirenunts.  When  highly  digestible  diets  are  fed,  energy  intake  plateaus 
and  DMIaccuallydecreases  (Conrad.  1966).  Both  mechanisms  provide  a logical  basis  for 
understanding  intake  regulation  and  eslimating  inlake  at  tbe  exnemes  of  forage  quality, 
however  there  may  be  interactioos  among  tbe  two  mechanisms  (Buxton  and  Mertens, 

1 995),  thus  making  predictions  of  intake  more  difficult. 

Conrad  el  at.  (1964)  cosctuded  that  DMI  was  governed  by  both  the  capacity  of  tbe 
digestive  tract  and  by  the  cow's  energy  requirement.  When  diets  jeeseni  low  digeslibitily. 
intake  is  regulated  physically  (fill),  whereas  when  diets  praseoi  high  digestibility,  coinrol  of 
intake  is  physiological.  The  transition  point  between  both  mechanisms  of  iniake  control 
was  suggested  to  be  66.7%  digestible  DM  for  a 4S0-kg  cow  producing  1 6.8  kg  of  milk 
d '.  however  Waldo  (1986)  suggested  that  this  transition  point  is  not  fixed  and  could  occur 
at  higher  levels  of  digesii^y  for  higher  producing  cows. 

Forbes  (1977)  described  the  relationship  between  available  nunients  and  voluntary 
feed  intake  in  ruminant.  There  b a positive  correlation  between  tbe  concmtration  of 
available  ensgy  and  the  amount  of  feed  eaten  for  poor-  and  medium-quality  forage.  On 
(he  other  hand,  this  correlation  is  negative  with  higb-qualhy  forage  and  diets  with  a high 


praponion  of  grain  i 


!(KRC,  1989). 
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Cows  do  not  consume  as  iniirh  feed  during  early  lactation  as  they  do  during  later 
lactation,  evoi  Ibougb  the  milk  production  level  may  be  the  same  (NRC,  1939).  Jouraet 
and  Remond  (1976)  estimate  that  DM  imake  is  depressed  15%  on  average  during  the  first 
3 wkoflactstioo  relative  to  later  lactation,  with  the  greatest  depression  occurring  during 
the  first  days  oflactatioa  Milk  production  usually  peaks  between  4 and  3 wk  postpartum, 
while  the  maximum  DM  intake  usuaUy  occurs  between  10  and  14  wk  postpartum, 
resulting  in  a negative  energy  balance  in  early  lactation  (NRC.  1 989).  The  cow 
consequently  mobilizes  body  tissues,  which  results  in  wei^i  loss.  As  DM!  increases  and 
milk  production  plateaus  or  begins  to  decline,  weight  change  stabilizes  and  little  by  little 
increases  in  mid-  and  late-lactation.  and  also  during  the  dry  period.  Increase  in  weight 
during  the  dry  period  may  also  be  attributed  to  the  developmemofihe  fetus  and  fetal 
membranes  during  the  last  trimester  of  gestation  (NRC,  1989). 

Psvchoeenic 

Psychogenic  Actors  that  mfluaice  intake  in  response  to  extonal  stimuli  include 
palaiatnlhy,  feed  flavora.  feed  pH.  social  mieiactions.  stress,  diseases,  and  management. 

FaaoB  Jnlluenang  Intake  Under  Graziiia 

Intake  under  grazing  condhioos  can  be  limited  by  mitritioaBl  factors  (digestfiality. 
rumen  fin.  metabolic  factors)  and  non-nutntional  factors  including  ingestive  behavior  (ie., 
bile  weight,  bhe  nte.  and  gra^g  lime;  Moore,  1994).  The  mqxtrtaoce  of  these  factors 
vary  accoTdmg  to  plant  con^nenls  of  pasture,  pasture  suucrure.  and  the  animal 

Appredatioo  of  ingestive  behavior  effects  on  intake  arose  from  the  observation, 
first  suggesiedbyStobbs  (1973).  that  certain  swards  limii  the  at^y  of  the  animalio 
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consuoM  sdeqtuie  amounts  of  tbe  animal  lo  consume  adequate  amoimcsofheitage. 
Siobbs  (1973)  observed  tbat  under  some  condibons  pasture  leaf  density  was  so  limited  and 
bite  weight  so  lowtbat  animals  could  not  sufRcieotlycaaqKcisate  and  achieve  desired 
levels  ofmtake  by  increasing  grazing  time  and  mimber  ofteles  per  day.  This  situation  can 
occur  with  very  low  berbege  mass  or  with  very  high  herbage  mass  of  low  leai/stem  ratio 
(Coleman.  1992). 

Measurements  of  Dry  Matter  Intahe  (DM11 

Measurement  of  intake  is  one  of  tbe  most  difiicuh  a^«cts  in  measurtog  or 
predicting  forage  quality  (Buxton  and  Mertens.  1995).  Moore  and  Sollenberger  (1997) 
cited  two  general  ap^aches  to  the  indtrect  estimatioD  of  pasture  intake:  1 ) estimates  for 
mdividiialammals,and2)e5tirDatesfbrgroupsofamraals,  orapBsiure.  Several 
techniques  were  developed  for  each  approach  with  assunqrtions  that  must  be  met  in  order 
for  estimates  to  be  vabd.  Tbe  techniques  applicable  to  individual  animals  include  fecal 
output  and  forage  digestibility,  and  ingestive  behavior.  Those  for  groups  of  animals  on  a 
pasture  include  disappearance  ofherbage  mass,  prediction  from  forage  characteristics,  or 
calculation  from  animal  performance. 

There  are  generally  a lack  of  controlled  research  studies  on  intake  of  high 
producing  dairy  cows  on  pasture  due  to  difficulty  of  estimation.  Muller  eiaL  (1995) 
suggested  that  pasture  DMI  could  be  estimated  by  subtracting  grain  and  sui^lemental 
forage  DM]  &omNRC(NRC.  1 989)  estimates  oftota!  DMI  requited  for  a particular  level 
of  production.  Pasture  intake  can  be  estimated  through  disappearance  of  herbage  mass  by 
measuring  differences  between  herbage  mass  pre-grazing  and  post-grazing  using  a rising 
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plaiemeter,  probe,  orvisualasstssment.  Tbe  diSerence  between  pre- and  posi-graziog 
represents  toinl  herbage  DM  consumed  for  a group  of  gnimak  and  can  then  be  caJculaied 

and  the  CV's  are  normally  larger  than  animal  methods,  ranging  between  7 and  52K 
(Watters  and  Evans.  1 979). 

In  recent  years  a common  technique  for  estimating  hnake  involves  in  vitro 
determination  of  pasture  digesribility  (D)  and  fecal  output  (FO,  kg  DMd'')esunaiedby 
estemal  markers.  Intake  (1,  kg  DM  d*')  is  estimated  firom:  l = FO/{l-D).  Thecommon 
marker  used  has  been  dtromhini  sesquionde  (CrrOi)  and  the  pulse  dose  lectmique  (Pond 
et  bL,  l9S9a,b).  Markers  are  used  routioely  to  calculate  daily  fecal  DM  output,  as  well  as 
several  parameters  to  estimate  kinetics  within  the  digestive  tiaa  (Moore  and  SoUenberger. 
1997).  A non-linear  equabon  is  used  to  desorbe  the  relationship  between  marker 
concectrationand  time  after  dosing  (Moore  et  al,  1992).  Moore  and  Kunkle  (personal 
cocmniDication)  developed  a model  to  adjust  for  foiage-concentinte  interactioD  effects  on 
hnake  fbr  laciating  dairy  cows  supplemented  on  pastures. 

Daily  Intake  of  Cows  on  Pasture 

When  high  quabty  pasture  is  availaUe  and  when  gram  is  fed  at  amounts  “typcal" 
for  these  production  levels,  pasture  DMI  and  total  DMI  are  conqiarable  to  the  DM] 
expected  with  oon-graziDg  cows  (MuBer  et  bL.  I99S).  These  authors  reported  results  of 
Rippel  (1995)  where  cattle  grazing  ryegrass  had  greater  forage  and  total  DMI  rhan  those 
grazing  orchardgrass.  AdditioD  of 'A16graze' alfalfa  to  ryegrass  or  ordiardgrassresuhed 
hi  greater  forage  and  total  DMI  (4%  BW)  than  pure  ryegrass  or  orchardgrass  pastures 
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(3.S%  BW).  The  cows  on  grass-alMh  produced  3 1 kg  milk  d '.  and  consmud  222  kg 
total  DML  of  which  14.5  kg  DM  came  from  pasture. 

Hobage  inlake  from  weU-managed  pastures  should  provide  sulfrcienl  energy  to 
support  daily  milk  production  of  1 8 to  23  kg  with  little  or  no  supplemented  energy  and 
proieta  (Muller  ei  al,  1995).  Noller  (1997)  agreed  and  stated  that  this  produccioo  level 
although  lower  than  modem  standards,  may  be  the  most  econotmcal  level  of  production. 
Cows  may  peak  at  27  kg  or  more  of  milk  per  day.  but  may  be  enpeaed  to  lose  tody 
condidoQ  r^iidly  and  be  less  persisteai  in  milk  productioD.  Since  most  cows  have  the 
genetic  potential  to  produce  above  1 8 to  23  kg  per  day,  supplemental  feed  and  energy  are 
needed  to  achieve  maiimuTn  milk  production.  Thus,  because  of  the  availatahty  and 
relatively  low  prices  of  many  grains  and  by-products  in  relation  to  mflk  prices,  dairy 
producers  canjustiiy  feeding  supplements  in  an  attempt  to  obtain  the  genetic  potential  for 
production  and  maximum  profit  from  their  dairy  cows  (MuDer  et  al,  1995). 

Holden  elaL  (1994b)  estimated  total  and  forage  intake  of  Holstein  cows  in  the 
northeastern  USA  on  a mixture  of  orchardgtass  (385g),  Kentucky  bluegrass  (Am 
pniensis  L.;  345k),  and  smooth  faromegrass  {Bromus  inermis  Leyas.;  18%)  with  a 
slockmg  rate  of2.S  ot3.9  cows  ha'l  The  daily  forage  intake  ranged  from  1 1.6  to  15.6 
kg  DM  and  was  lowest  in  tbe  summer,  while  the  total  daily  intake  increased  from  21. 3 kg 
in  early  spring  to  22.4  kg  in  late  spring,  and  after  that  it  decreased  as  lactation  progressed. 
In  northem  Victoria,  Australia.  Wales  et  al  (1998)  repotted  an  increase  in  hetbageiniake 
of  perennia]  ryegrass-white  clover  pasture  from  8 to  14.6  kg  DM  cow‘  rf' with  pasture 
allowances  from  1 5 to  40  kg  DM  cow'  rf',  bowevet  utilization  decreased  from  54  to 
37%.  The  cows  selected  a diet  11%  higberinlVDMD  and  41%  higher  in  CP 
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coaceniraoan  thaa  that  m the  herbage  on  offer;  NBF  of  the  diet  was  lower  than  in  the 
herbage  on  offer.  Diet  selection,  fadbtated  by  bereasiDg  herbage  allowance,  resulted  in 
an  increase  in  milk  production  from  9 to  1S.5  kg  cow*' d ',  a marginal  response  of  0.99  kg 
miiv  hg'*  extra  DM  cotrstuned. 

Supplememahonof  Forage  Diets 

There  is  a hierarchical  order  to  use  of  nucrieots.  (bus  maintenance  has  priority  in 
order  to  preserve  the  life,  followed  by  growth,  or  development  of  structure,  followed  by 
reproduction  for  perpetuation  of  the  species,  and  lactation  to  provide  nottrishmem  to  the 
young  until  they  can  survive  on  they  own.  After  these,  energy  present  m excess  of 
requirenients  for  other  ftmcDons  may  be  stored  as  fat  (NoBer,  1997).  The  use  of  energy 
by  dairy  cattle  depends  to  a large  extern  on  the  niiaotutl  fermentatioD  that  occurs  in  the 
rumen,  e.g.,  diets  that  resuh  in  low  rummal  acetate:propk>nale  ranos  (such  as  high 
concentrate  diets)  lead  to  mcreased  body  fat  formation  at  the  expense  of  milk  fat  synthesis 
{NRC.  1989). 

As  forage  distributiDn  within  and  among  growth  seasons  is  not  unifonn.  a flexible 
approach  to  grazing  management  is  required  including  adjusonents  of  the  stockmg  rate, 
mainienance  of  forage  height  and  density  for  optimum  rate  of  intake,  and  use  of 
supplementary  feeds  to  reduce  effects  of  sboriMs  of  forage  (NoUer,  1997).  Thus,  when 
the  quantity  ofpasnire  is  Ihmied.  dairy  producers  need  to  feed  stored  forages,  attempting 
to  maTTuain  more  control  over  milk  production  and  to  improve  body  condition.  Tbe 
decision  to  supplement  is  an  economic  one  and  often  based  on  personal  preference  rather 
than  a nutririanal  one  (Muller  et  al.  1 99S). 
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Wben  energy  and  protein  rojuireaKDls  incrtaae  to  satisfy  productive  needs  sucb  as 
lactation,  pregnancy,  and  growth,  part  of  the  roughage  component  of  the  diet  is  replaced 
byfeedingofconcentrates.  This  allows  the  iogesiioo  of  a greater  amount  of  potential 
energy  and  protein.  The  concentrates  present  greater  digestibUiiy  (75  to  90%)  as 
con^nred  with  roughage  (45  to  70%)  and  produce  much  higher  fennemation  rates.  If 
adequate  plant  protein  or  NPN  (non-protein  nitrogen)  is  availahle,  the  plendiiil  supply  of 
VFAs  coupled  with  the  short  doubtaig  tiine  of  the  amylolytic  bacteria  allows  high  lates  of 
microtaal  protein  synthesis  through  micrabe  prolifeiatlon.  This  is  subsequently  refleaed  in 
a greater  availalrility  of  micTobial  protein  products  ofhigbtnolo^cal  value  to  the  ruminant 

A good  mk  of  thumb  for  feeding  grain  on  pasture  is  to  feed  one  kg  concentrate 
for  each  2 kg  of  milk  production  above  that  supported  by  the  pasture  (NoDer.  1 997).  A 
hequencly  used  amnimi  is  1 kg  concentrate  to  3.5  kg  luilk  wboi  lactalmg  dairy  cows 
grazed  cool-season  pastures  (Bums  and  Bagley,  1996). 

When  pastures  are  the  major  source  of  forage,  energy  is  thought  to  be  the  most 
limiting  ouirieot  for  profitable  milk  production,  normal  reproductive  performance,  and 
weight  gain  (Muller  et  al.,  1995;NoIler,  1997).  This  is  due  to  the  low  nonsmictural 
carbohydrate  (NSC)  conceotrationofgrasses(lS  to20%of  DM),  compared  to  35  to  40% 
recommended  for  tbe  ration  of  a high  producing  cow  (NoUer.  1997).  Grazing  cows  have 
higher  leveb  ofacdvity  than  confined  cows,  and  require  additional  energy  (NRC,  1989). 
Cows  on  pasture  should  have  their  energy  requirement  increased  3%  for  every  km  walked 
per  day,  and  to  siqiport  grazing,  maintenance  allowances  may  be  mcreased  ^ 1 0%  on 
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goodpssnim,  md  up  to  20%  for  spsrse  pastures  (NltC,  1989).  Grazing  cows  often  have 
bwer  body  conditiantbaoconfmed  cows  (Fates  eta].,  1995),  suggesting  the  need  for 
supplemental  energy.  Body  condition  of  tbe  cows  in  addition  to  the  milk  producdon  level 
must  be  considered  wben  establishing  the  amount  of  grain  or  supplemental  energy  to  be 
fed.  Thus,  to  counteract  the  more  slowly  digested  fiber  components  in  forages,  diets  of 
gramg  animHk  are  supplemented  with  energy  concentrates  (NoUer,  1 997).  The  nmir 
benefit  from  supplemenlal  energy  may  be  its  long  term  effect  on  total  toiTk  production, 
body  condition  score,  and  improved  reproductive  performance  rather  than  any  short-tem 
benefits  (Muller  et  ah.  1995). 

Protein 

Crude  protein  concentration  ofhigbnutiitrve  value  herbage  may  exceed  25%, 
however  65  to  85%  of  the  protein  is  degradable  in  tbe  nimen  witb  15  to  35%  escaping  tbe 
rumen.  Escape  protein  may  inchide  non-protein  mtrogen  (NPN)  sucb  as  peptides,  amino 
aods.  amines,  and  inorgaiic  nitrate  (Muller  ei  ah,  1995).  Young  grasses  are  often 
characterized  by  high  level  ofNPN  (Muller  et  al.,  1995).  Holden  et  aL  (1994a)  confirmed 
a rapid  rate  of  turner  fermentaiion  by  dairy  cows  on  a pasture  diet  relative  to  bay  or 
silage.  Cows  fed  pasture  bad  higher  ruminal  ammonia  and  vobdle  fatty  acids  (VFA's), 
lower  DM  flow  to  tbe  small  miestme.  and  a higber  bacterial  N flow  as  a percentage  of 
total  flow.  These  results  bdicaie  a pre-duodenal  N loss  whb  the  highly  degradable  N in 
pasture  and  a loss  of  H across  the  wall  of  the  rumen.  Thehi^  concentration  of  ammonia 
N in  the  rumen  of  grazing  cows  is  in  excess  of  tmcrobial  needs  for  protein  synthesis.  Pre- 
duodenal  loss  of  N occurs  when  the  forage  contains  greater  than  1 6%  CP  concentration, 
and  considering  this,  tbe  duodenal  protein  supply  may  only  support  daily  milk  production 


of  approxiniately  25  kg  (B«ever  eta].,  19S6).  Tbe  excess  N is  coaverted  to  urea  io  tbe 
liver  and  excreted  (Muller  el  aL,  1995).  These  authors  stressed  that  N excretioD  is  an 
energy  requiring  process,  and  that  the  excreted  N will  be  volatiliaed  or  contribute  lo 
nitrate  leaching,  tbus  may  negatively  impact  on  the  enviromDent. 

MicroUal  protein  is  the  primary  protein  source  for  laclating  dairy  cows,  therefore, 
opthnizng  mkrobial  protein  synthe^  is  essential  Non-stnictinal  carbohydrate  is  needed 
to  utilize  the  pasture  N,  to  reduce  the  energy  cost  of  excreting  N.  and  lo  increase  supply 
ofnixtrients  available  to  the  small  hitestine.  The  lower  flow  ofN  to  the  small  hnestme 
suggests  that  increashig  supplemental  rumen  undegradable  protein  (RllP)  may  be 
beneficial  The  milk  yield  response  to  RUP  has  been  variable  and  may  be  related  to 
relatively  low  milk  production  levels  m most  studies  (Kelaway  and  Porta,  1 993).  Muller 
et  al  (1995)  described  a recent  study  where  muh^raious  high  producing  cows  (35  kg  millr 
d~‘)  responded  to  a higher  RUP  with  a higher  milk  protein  yield  during  early  spring 
graziag.  Supplementation  of  protra  resistant  to  degradation  in  the  nunen  has  been 
beneficiii]  for  cows  fedUgbqualitypasture  (Muller  eial,  1995).  A summary  of  Hood 
urea  nitrogen  (BUN)  values  from  several  Pennsy4vaoia  State  University  studies  (Hoffinan 
et  al.  1993;  Holden  et  al.  1994a:  Pales  et  al.  1995)  suggests  an  apparent  excess  ofN  in 
the  rumen  in  relation  to  carbohydrates  and  a wastage  oftbe  highly  degradable  N in  pasture 
forage.  Values  in  these  studies  ranged  from  1S.5  to2S.6mgdT'. 

EnereviPTOtein 

Extensive  research  has  focused  on  increasiag  carbohydrate  availatxlity  in  the  rumen 
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dcrobial  growth  and  digestion  (Hoover  and  Stokes.  l991;Nocek  and  RusseQ, 
imcreaseproteinio  thesmaDnnestine(Muller  ei  al,  1995).  Undernon- 


achieved  wbca  diets  contained  ID  to  13  Vs  degradable  protein  and  S6%  of total 
caibobydratewasnonsmicturalcarboh)dnte(HoovetaiidStokes,  1991).  Ingtamg 
situation,  few  studies  have  analyzed  these  concepts.  Holden  et  al  (1994b),  using  the 
Cornell  Net  Carbohydrate  Pniein  System  (CNCPS)  that  provides  a mechanism  to 
evaluate  both  protein  and  carbohydrate,  congiared  grass  only  (orchardgrass  with  24.3  Vs 
CP,  45%  soluble  protein,  43%  NDF,  and  25%  non  fiber  carbohydrate,  NFC),  grass  with 
7.6  kg  energysupplenrem  (33%  ofrationas  dry  ground  shelled  com),  grass  with  0.36  kg 
of  bypass  protein  supplement  (SO;SO  nrix  of  fishmeal  and  blood  meal),  and  grass  with  both 
the  energy  and  protein  supplemem  to  feed  a 600-kg  Holstein  cow  in  early  lactation. 

Intake  was  maintained  al  3.7%  BW  (22  kg  DM  cow''  if').  Milk  yield  increased  from 
aboul  25  kg  cow''  d ' on  grass  only  and  bypass  proleiD  supplemEDt  to  about  33  kg  cow'' 
if'  on  energy  or  both  ciergy  arxl  protein  supplement.  AU  diets  exceeded  the  mmimum 
required  NDF  and  CP. 

High  producing  cows  that  are  grazed  on  hi^  qualiry  pasture  may  respond  to 
supplemental  energy  and  bypass  proteitL  Response  to  energy  and  bypass  )noiein 
supplemem  win  vary  depending  on  milk  production  level,  stage  of  lactation,  and  quality  of 
pasture  (Combs.  1997).  However,  more  researcb  and  infbrmatiao  is  necessary  to  define 
economics  limits  for  supplementaiioD  (marginal  remms  to  supplemenlatioD)  and  on  the 
mteractionofiiuiritionanybalaoced  supplements  mthpasture  systems  (Muller  et  al.  1995; 


Conte,  1997). 


Imeractiops  or  AwiciiitTvt  Eff^  between  Foract  and  Grains 


Auociativs  effects  refer  to  icieractioiis  ancng  ingradiam  m mixed  diets.  Tbese 
interactioiis  result  in  an  observed  rate  of  animal  perfonnance  that  is  either  greater  or  less 
than  expected  ffoci  the  sum  oftbe  individual  ingredieots  (Moore,  1992:  Moore  et  aL. 
1997).  Differem  intake  of  metabolizable  energy  (ME)  when  forages  and  grains  are  fed 
togetber  to  ruminanis  is  due  to  digestive  and  metabolic  interactions  (Dixon  and  Stockdale, 

1 999).  When  the  forages  are  offered  fiee-cboice  and  supplemental  concennetes  are 
offered  b restiicled  amounts,  forage  inTake  may  ehbs  increase,  decrease,  or  not  change 
(Moore.  1992).  Changesbforagebtake(substitutione9ects)inaybeBconsequenceaf 
changes  m ibe  rate  of  digestion  of  the  fibrous  conqmnents  (Moaie,  1994;  Dixon  and 
Stockdale.  1999).  Associative  effects  can  be  positive  or  negative  (Dixon  and  Slockdab. 
1999). 

Negative  associative  effects  (snbstitution)  are  likely  to  be  caused  by  changes  b 
nirnen  capacity,  passage,  and  rale  of  forage  fiber  digestion  (Dixoo  and  Stockdale,  1 999). 
Low  niiTiHi  pH  and/or  bsufficicnt  supply  of  essential  substrates  for  rumen  microorganisms 
mayreduce  rate  offiber  digestion.  Negative  associative  effects  can  be  mmimized  by 
supply  of  essential  microbial  substrates,  feeding  management,  and  modification  of  grab  to 
reduce  effects  on  fiber  digestion.  1-e.,  ensuring  adequate  digestion  oftbe  grab  and 
satisfaaory  microbal  proieb  ptoductioo  (Dixoo  and  Stockdale,  1999).  When  forage  of 
low  digestibility  is  supplemented  with  grab-based  concentrates  (cereal  and/or  legumes), 
resultmg  brake  of  forage  and  total  DM  and  ME  may  mcrease.  These  positive  associative 
effeas  can  be  attributed  to  addmon  of  a hmiring  forage  nuirieffl  such  as.  N,  P,  or  S b 
these  supplement,  rather  than  due  to  readily  ftmiemable  catbobydrate  (Dixon  and 
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Siockdak,  1999).  Consequently,  it  may  be  most  cost-effective  to  provide  inoigamc 
microtaal  substrates  ratber  than  grain-based  supplement. 

UsuaDy  forage  intake  win  be  decreased  by  concGCrates  whoi  forage  quality  is 
high,  other  mictienis  are  hi  balance  with  enagy,  and  concentrates  are  fed  in  large  amoi,inis. 
however  when  forages  ate  low  in  quality,  and  small  amounts  of  concentrates  are  fed, 
voluntary  intake  may  inaease  (Moore.  1994).  Substitucion  rates  are  often  low  when 
animals  are  consuming  forage  oflow  to  medium  digestibility,  however  they  are  generally 
high  when  rummams  are  consuming  a high  ainoum  of  forage  of  high  digestibility,  probably 
due  to  the  metabolic  mechanisms  which  control  voluntary  inlake  reducing  forage  imake 
(Dixon  and  Stockdale,  1999). 

Moore(1994)suggests  that  a special  case  of  substinition  and  associative  effects  is 
the  use  of  IMRs,  especially  for  laclaling  dairy  cows.  Such  diets  may  mclude  several 
forages  and  combinations  ofbotb  energy  and  proton  concentrates.  Because  TMRs  often 
are  based  on  high  quality  forages  and  mchKie  high  percentages  of  concentrates,  intake  and 
digestibility  of  the  forage  congtooenl  cs  very  likely  less  than  that  expected  wboi  forage  is 
fed  alone.  In  such  cases,  complex  models  such  as  tbe  ConieO  model  may  be  necessary  to 
predict  animal  performance  accurately,  but  they  must  consider  the  effects  of  concoitTates 
on  forage  intake  and  digestibility. 

The  amoum  of  supplemental  energy  fed  can  have  long  lenn  effects  on  energy 
balance  and  in  turn  on  miTk  production,  bodywngbt  and  condition  changes,  and  on 
reproductive  petfonnance  (Muller  et  al..  1995).  The  long  term  effects  of  supplemental 
energy  are  usually  greater  than  the  short  term  (KeDaway  and  Porta,  1 993).  The  response 
hi  milk  production  is  based  on  the  energy  density  of  suppiemeni  and  increased  DM  tmake. 


: it  also  may  be  related  to  the  stage  oflaciatioa  aol  milli  yieUbodycooditioii.  and  the 


In  general  the  decrease  in  herbage  intake  is  less  than  the  increase  in  grain  inlake, 
resuhing  in  greatertotal  DM  intake  (KeDaway  and  Porta.  1993).  Substirution  rates  of 
grain  for  pasture  vary,  but  usually  pasture  DM  intake  decreases  about  O.S  to  0.9  kg  for 
each  kg  of  grain  fed  and  this  subscimtion  rate  may  be  associated  whh  increased  acidity  in 
the  nimcn  and  may  be  greater  when  starchy  su^Iemenis  are  fed  (Muller  et  aL,  1 995). 

Meijs  and  Hoekstra  (1984)  at  Netherlands  reported  mean  substmition  rates  of 
perennial  ryegrass  herbage  by  concentrates  ofO.l  and  0.5  kg  herbage  OM  kg''  concentrate 
OM  at  the  low  and  high  herbage  aIlowaoce(l6aDd24kgOMcow''  d ').  Megs  (1986) 
reported  that  substrcudon  rate  oftyegrassberbage  with  allowance  of28  kgOMcow''  d ' 
was  reduced  from  0.45  kg  herbage  OM  kg  ' of  higb-starcb  concentrate  (5.4  kg  OM  cow  ' 
d'  of  higb-starcb  concentrate  and  1 1 .5  kg  OM  cow''  if'  herbage  intake)  to  0.21  kg 
herbage  OM  kg'  ofhi^-fiber  concentrates  (5.3  kgOMcow''  d'  ofhigh-Sber 
concentrates  and  12.6  kg  OM  cow*'  <f').  Daily  liveweigbl  gain  was  0.17  kg  greater  with 
higb-starch  concennaies  than  with  the  higb-Sber  concentrate,  bowevc  daily  milk  yield 
was  1.8  kg  cow''  higher  for  the  higb-frber  concentrate.  Robaina  et  al  (1998)  in  Australia 
reported  substhudon  rates  of  0.3  and  0.6  kg  of  herbage  of  perennial  ryegrass  and  white 
clove  pa  kg  grain  DM  consumed  (5  kg  of  a 70:30  mbirure  ofbariey  and  lupins)  at  the 
low  and  high  herbage  allowances  (20  and  40  kg  DM  cow  d'‘),  respeedvety.  These  authors 
also  reported  another  expenmem  using  0, 1.8, 3.4,  and  6.7  kg  barley  cow' d''  when 
higher  grain  intake  resulted  in  greater  yields  of  milk,  fat.  prot^  and  lactose.  Milk 


responses  diminished  from  1.6  to  0.8  kg  milk  kg'*  bailey  at  highest  barley  imake.  The 
authors  suggested  that  higher  level  of  substitutioo  and  less  efficiem  use  of  grain 
cootnbuted  to  the  poorer  production  responses  at  higher  levels  of  grain  feeding. 

KeDaway  and  PoTtB  (1993)  suggested  thm  differmces  between  grain  sources  may 
be  more  hnponam  at  a higher  level  of  grain  feeding.  For  mslaoce,  when  cows  are  grazing 
high  quality,  low  fiber  pastures  in  the  spring,  there  may  be  advantages  to  mchiding  a 
digestible  fiber  source  sucb  as  soy  bulls,  wheat  mids,  com  gtiuen  feed,  or  beet  pulp.  Van 
Vuurenet  ah  (1993)  compared  bigb-siarcb  concentrates  to  bigh-fiber  concennsies.  and 
did  not  find  milk  production  differences.  Starch  feeding  increased  milk  prolem  and 
decreased  milk  fat  as  coiqtared  to  feeding  fibrous  concentrate.  Rds  (1998)  reported  as 
increase  in  milk  yield,  solids  correaed  milk,  milk  protein  and  solids  non-fist  concentration 
with  increasing  amounts  of  a ground-coro  based  concentrate,  however  he  reported  that 
MUN  (milk  urea  concentration)  and  milk  decreased  lineaily  with  supplementation. 
Ahbough  intake  and  digesdbility  of  DM  and  OM  increased  as  grain  sui^lementation  was 
incttased.  forage  OM  intake  decreased. 


The  most  successful  approach  to  feed  intake  prediction  has  been  to  recognize 
enviroiunemal  factors  affectnig  feed  imake.  for  instance  beat  stress  reduces  imake,  whiJe 
cold  may  promote  it,  and  imegrate  them  into  a system  that  also  consul  ns  the  physiological 
state  of  the  animah  whether  lactating.  growing,  or  under  eovironmemal  stresses  f williams 
et  ah.  1993;  VanSoest.  1994).  Wheniengierature  rises  above  the  lower  cntical 
tengwiature,  the  animal  maimains  its  body  tengieratuTe  and  increases  hs  beat  loss  by 
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with  cooler  sur&ces,  and  dilatng  peripheral  blood  vessels.  With  further  mcreases  sbove 
the  evaporative  cridcal  temperature,  the  aeimal  reduces  its  heat  production  by  deceasing 
vohmtaiy  tniake  and  mOk  production  (ViHhams  et  aL,  1993). 

BetdeandCoUier  (1986)  reported  that  feed  intake  of  confined  laciating  dairy  cows 
begins  to  decrease  at  mean  daily  environmental  temperatures  of  2i  to  27°C.  In  tropical 
condibrms  the  giazicg  time  of  milkiDg  cows  is  reduced  to  a maTiinuTn  7,5  b from 
afternoon  to  mommg.  conqured  to  10  h in  cool  weather  (Beede  and  Collier,  1986).  As 
energy  intake  deoeases.  the  requirements  of  energy  for  inainlenarrce  of  heat-stressed 
anmuik  is  increased.  The  addmon  offal  to  the  diet  of  heat-stressed  animals  is  strategic 
because  fat  supplements  have  a low  beat  of  metabolism  and  ate  not  fertnenled  in  the 
rutnoL  Reducnon  of  dietary  protein  levels  avoids  generalian  of  beat  hi  catabobc 
pathways,  and  the  reduction  of  amount  of  forage  fed  decreases  heat  of  fenneataiion.  Low 
temperatures  may  increase  feed  intake  30%,  on  the  other  hand  muddy  conditions  may 
depress  feed  oiake  by  an  equal  amount.  Exposure  of  asinials  to  precipitation,  wind,  and 
low  temperature  potemially  inertase  heat  loss  and  may  require  additional  energy. 

Moe  et  aL  (1971)  found  the  mamteDance  requiremeiii  of  laciating  cows  to  be  73 
KcalofNELkg'°'’oflivewe4hi.  An  additional  I0%sbouldbe  added  for  activity, 
reachmg80KcalofNELkg'^”ofliveweigbt.  To  support  graziDg,  maintenance 
allowances  maybe  increased  by  10%  for  good  pasture  and  up  to  20%  for  sparse  pasture 
(NRC,  1 989).  Cows  eat  more  feed  to  support  greater  miiv  production,  thus  a smaller 
portion  of  feed  energy  Tutalfa  is  partitioned  toward  meeting  mamteoance  needs,  and  a 
greater  portion  is  directly  transferred  to  milk. 


Body  Res«ve$ 


Mnkpro<lui:DODusesbody«aergywitbane(Gdeiicyef82‘/s.  Tbe zmouat ofNEL 
spared  by  tbe  loss  of  I kgorbodydssueis(6.00  * 0.82)  = 4.92  Meal  IfiheefEdeodes 
of  ME  used  for  milk  produedon  and  body  gain  by  laclanog  aoimals  are  64  aod  75%. 
regpeenvely.  Ibe  amoicu  ofNEL  required  for  1 kg  of  tissue  gain  during  laciation  is  (6.00) 
(0.6443.75)  - 5.12  Meal  (NRC,  1989).  Moe  el  at  (1971)  affinued  that  rqrlacemeiit  of 
body  tissue  energy  may  be  more  efficient  while  the  cow  is  lactaiing  than  when  dry. 
however  care  must  be  exercised  to  avoid  over-fatteniDg.  Is  practice,  most  cows  lose  some 
weight  during  the  first  few  weeks  of  lactation  and  then  shiA  to  a relatively  small  but 
positive  balance  for  the  rest  of  lactation  (NRC.  1989). 


CHAPTERJ 

FORAGE  DISTRIBUTION  AND  NUTRITIVE  VALUE  OF  INTENSIVELY 
MANAGED  PEARL  MILLET  AND  SORGHUM-SUDANGRASS 

Introduction 

Pearl  millet  {Pennisenm  glaucum  [L.]  R.  BR_)  and  sorghunt-sudaDgraas  {Sorghum 
bieolor  [L.]  Moeoch)  originated  in  AMca.  They  are  m^rtaol  crops  forhumaD  nutrition 
in  India,  Pakistan,  and  several  countries  of  AMca.  Pearl  millef  is  grown  as  a food  cereal 
on  some  26  minion  ha  (F  AO,  1990).  The  major  use  of  peart  mOlei  in  the  US  A South 
America,  and  Australia  is  as  a foddo  crop,  specifically  for  grazing  and  silsge  for  livestock 
(Andrews  and  Rajewski.  I99S}. 

These  speries  are  annuals,  erect,  O.S-  to  S-m  tail  leafy,  drought  tolerant,  and 
responave  to  N.  Their  forage  nutritive  value  is  high  when  harvested  at  an  immature  stage. 
Yields  are  also  high,  but  over  a short  season.  These  species  are  vahiable  in  the 
development  of  year-round  forage  systems  where  forage  quality  is  imponant.  such  as  with 
lactaiing  dairy  cows  or  rapdiy  growing  animals  (Fribourg,  199S). 

According  to  USDA  statistics,  between  1933  and  I97S  average  annual  ndlk  yield 
cow  ' increased  from  2300  to  SIDO  kg,  whereas  the  annual  knake  feed  units  (TDN  x 
0.786)  on  average  increased  from  2400  and  3290  kg  cow'.  Of  this  total  coocenimtes, 
hay.  other  harvested  forage,  and  pasture  cDotribuied  28,  24,  17,  and  31  Vs  in  1933,  and  43, 
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IS,  19,  andZOKis  197S  (Waldo  aod  Jorgsasen,  19S1).  Therefore  producers  dramatically 


reduced  pasnire  utilization,  replacmg  it  primarily  with  concentrate. 

In  recent  yean,  the  dairy  industry  is  Escing  a profit  squeeze,  and  this  scenario 
makes  home-grown  feeds  and  grazed  forage  more  attractive.  Pasture-based  dairies  have 
much  lower  start-up  costs  for  housing,  waste-handling  fecilities.  and  barvesdDg'feediog 
equipment.  Pasnires  may  reduce  the  feed  costs.  They  generally  provide  the  cheapest 
source  ofnumecis.  because  grazing  with  cattle  reduces  cost  and  eliminaies  losses  of 
nutrients  associated  with  harvesting,  processing,  sioting,  and  feeding  of  crops.  Another 
benefit  ofgraztngisthat  mitriemsinliveslock  waste  are  deposited  directly  on  the  pasture 
and  are  recycled  to  produce  more  forage.  TUs  aspect  plus  the  greater  visual  appeal  of 
pasture-based  compared  whh  confinenKol  dairies  may  improve  public  perception  of  the 
industry. 

Although  perennial  pastures  usually  are  the  most  economical  sources  of  feed, 
warm-season  perennial  grasses  are  relatively  low  in  digestible  energy  and  high  in  fiber, 
especially  in  late  snmmer  and  fall  To  attain  higher  milk  production,  higher  mitiinve  value 
forages  are  needed.  Warm-season  annual  grasses  may  Gl  these  production  systems.  In 
addition,  planting  pastures  at  diflerem  planting  dates  may  reduce  the  risk  of  encoumoing 
undesirable  environments  for  esiabli^unenl  and  improve  forage  distribution  with  superior 
nutritive  value. 

Wtb  the  intent  of  assessing  the  poteoiial  of  warm-season  annual  grasses  for 
pasture-based  daifies,  research  is  needed  that  describes  seasonal  dty  matter  (DM) 
disnibudon  and  nutritive  value  ofthese  grasses  wbtsi managed  inleostvely.  Thepurpose 
of  this  trial  was  to  congrare  seasonal  DM  distribution  ofpearl  millet  and  sorghum- 


sudflngrass  gmotypes  planted  at  differeol  > 
^basHy. 


Materials  and  Methods 

The  experiments  were  done  in  1996  and  1997  at  the  Beef  Research  Unit  (BRU) 
approxhnaiety  24  km  northeast  of  Gainesville.  FL.  Sods  belonged  to  the  Plummer  (loamy, 
siHceous,  thennic  Grossarenic  Paleudults)  and  Spare  series  (loan^.  siliceous,  hypertbennic 
Ultic  Haplaquods:  USDA.  1 985).  Mean  soil  pH  of  experimental  sites  was  6.4,  and 
Mehhchl  extiactaUe  P and  K averaged  18  and  37  mg  kg respectively. 

ThetreatmentsweregenotypesandS-wkiniervalplantiBgdates.  Thegenotypes 
were  IhreepearlnnUetsf'CK  600',  'MUlex  32',  and  'Tiileaf2').  andlwosorghum- 
sudangrassesCHygrazer’,  and  'SX  15').  PlaDtmg  dates  were  10  sod  31  May,  21  June, 
and  12  July  in  1996,  and  20  March,  10  April,  I and  22  May,  10  June,  and  I July  in  1997. 
Treatments  were  arranged  in  a split-plot  experimcni  as  a randomized  complete  Mock 
design  with  four  rephcaticrns.  Planting  date  was  the  mam  plot  &clor  and  geaotype  the 
sub-plot. 

The  response  variables  measured  were  total-season  DM  yield,  DM  yield  by 
harvest,  leaf  percentage,  and  nutritive  value  as  described  by  crude  protein  (CP)  and  in 
vitro  organic  matter  digestion  (IVOMD)  of  loiaJ  herbage,  leaf,  and  culm  components. 

Ferolizarion  was  applied  at  rates  of 200, 1 8,  and  66  kg  ha  ' yr  ' of  N,  P,  and  K. 
respectively.  The  total  P and  K and  40  kg  N ha  ' were  applied  1 wk  after  planting.  The 
remaining  N was  split  in  four  equal  applicalions  <40  kg  N ha  ' each)  after  the  first  four 
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huvesisofeachplaiitiiigdaie.  Imgatios  was  UMd  as  netdedio  ensure  stand 
establisbrneni. 

Weedcoatrolin  1996wa5donebyhaadthrougbout tbeseasoa  lnI997,to 
control  Florida  pusley  {Richariia  scabra  L.)  dicamba  (1-17  L ha  ‘)  was  applied.  Southon 
sandspur  (Ceac/irus  echiniUus  L.)  was  presenl  in  the  area  as  well 

Tlie  subplot  umi  size  in  1996  was  8.1  m’  (six  rows  x4.S  mxO.3  m).  and  the 
saitpling  uoil  size  was  3.6  (four  rows  X 3 inx0.3in).  In  1997,  tbe  subpbt  was  16.8 
of  (seven  rows  X 8 mx0.3m).  and  tbe  san^ling  unit  size  was  6.3  in^  (three  rows  x 7 mx 
0-3  tn). 

Tbe  plants  were  clipped  when  SO-  to  60-cni  taD  to  a 10-cm  stubble  u^g  a sickle- 
bar  mower.  Harvests  wen  every  2 to  4 wk  for  a total  of  four  to  eight  harvests,  le.,  the 
first  planting  date  was  harvested  eight  times  and  tbe  last  planting  date  four  times. 

In  each  harvest,  two  sangtles  were  taken  per  genotype,  one  of  about  O.S  kg  to  dry 
mmediately,  and  the  other  of  about  0.2  kg  to  separate  by  hand  in  to  leaf  (blade)  and  culm 
(cuhnphissbeatb).  These  samples  were  used  to  estimate  CP  and  IVOMD  of 
total  herbage,  leaf,  and  culm.  AAer  drying,  the  sanples  were  ground  to  pass  a I -mm 
screen  using  a Whey  mill  and  analyzed  for  N and  IVOMD.  Samples  were  digested  for  N 
detenninarions  using  a modification  of  tbe  aluminum  block  digestioo  procedure  of 
Gallaber  et  al  (197S).  Ammonia  in  tbe  digestate  was  detenmned  by  setmautomatic 
cok)rimetry(Hambleton,  1977).  Tbe  CP  (DM  basis)  was  calculated  as N x 6.23.  The 
IVOMD  concentiatiOD  was  determined  using  tbe  two-stage  procedure  (THey  and  Terry. 
1963)  modified  Moore  and  Mott  (1974).  Tbe  donor  cow  was  fed  a diet  of 
benmidagrass  {Cynodon  daayhn  [L.]  Pers.)  hay. 
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geoDCypes.  and  ihdr  nneracuoD  as  fixed  efIiKts.  Repeated  measures  analysis  of  variaace 
was  used  to  assess  harvest  date  effects  for  each  response  variable  using  tbe  SAS  system 
for  Mixed  Models  (UnelletaL,  1996;LicieUetaL,  1998;  SAS  Institute,  1989). 

Differences  were  coopered  to  be  significant  at  P < O.OS.  Means  were  separated  using  tbe 
least  significant  diffeteuce  (LSD)  test  in  SAS  system  (SA5  Institute,  1989).  Linear 
regression  analysis  were  perfbnned  using  planting  datefl  to  6)  and  harvest  order  (1  to  7) 
as  independent  variables  and  responses  as  dependent  variables.  The  general  pol;moinial 

Y = p.+  P,X|  + P!Xi'+-*M.'  + e 

The  value  of  the  coefficieni  ofdetenninatioD(R‘).  a measure  oftbefractton  of  total 
variance  explained  by  tbe  regression,  was  calculated  using  treatment  averages  of  each 
response  variable. 


Results  and  Discussjon 


Foraae  Yield 
Total  annual  DM.vield 

There  was  no  genotype  by  planting  date  interactioo  (P»  0,1923)  for  total  DM 
yield  in  1996,  tul  interaction  did  ocoir  (F  = 0.0001)  in  1997  (Table  3.1).  Across 
genotypes,  forage  yield  decreased  hneaily  at  a rate  of  25  to  30  kg  DM  ha''  d*'  (Fig.  3.1) 
for  each  day  planting  date  was  delayed  in  1996.  In  1997  plantings,  forage  yield  also 
deaeased  linearly  at  a rate  of23  to  36  kg  DM  ha'*  d''  (Tig.  3.1)  for  all  genotypes,  except 
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Planting  date 


Figure  3.1.  Planting  date  (PD)  effect  OD  total  dry  maner  yield  of  pearl  millei  and  sor^iim- 
sudangiass  genotypes  in  1996  and  1997.  I996-PD:!  (10  May),  2 (31  May). 

3(21  June),  4(12JuIy).aDdl997-PD:  1 (20  March).  2 (10  Afdl).  3 (1  May), 

4 (21  May),  S (10  June),  and  6 (I  July).  Data  poims  in  1996  are  LSmeans  across 
five  genotypes  and  four  replicates^  in  1997  they  are  LSmeans  across  four 
replicates.  *P<0.05  ■•P<0.0l 
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Tiileaf  2 millet.  Tiikaf  2 tended  to  manuam  forage  yield  from  March  to  June  plantings 
(Fig3.1andTabIe3.2>. 

Causley(1990)inNew  Zealand  reported  greatest  DM  yield  framF^vuaryio  April 
(summer-early  fall)  for  sorgbum-sudangmsi  plamed  in  the  first  two  plantings,  ahhougb 
frost  damageoccurredintbe  first  tfareeplantiiigs.  Other  previous  research  reported  lower 
DM  yield  at  later  plantings  during  the  early  spring  through  summer  period  for  amiual 
grasses  (Moomaw  nnd  Mader,  1991;  Hattab  and  Harb,  1991;  Hatband  Hattab,  1991;  and 
Moharmnad,  1995).  These  authors  arcributcd  lower  yield  to  summer  droughts,  cool  fah 
teogreratures,  and  short  days  (FTtbourg,  1995).  In  the  cuireiit  eapmsmem.  whh  excepnon 
ofTilleBf2in  1997,  greatest  total  DM  yield  per  harvest  was  obtained  with  an  early 
plantmg  dale  for  aD  genotypes.  Ttus  result  agrees  whh  data  reported  by  Causley  (1989)  in 
New  Zealand  where  yield  was  reduced  from  6000  to  2800  kg  DM.  ba ' oo  Sudan 
sorgbum-sudangrass  when  planting  was  delayed  from  summer  to  early  {hH  On  the  other 
hand.  M'KhahirandVaDderlip  (1992)  found  no  consistem  effeci  of plandng  date  on  either 
pearl  mfflet  or  sotgbum-sudanpass  hi  Kansas.  They  did  find  that  plant  population  was 
less  critical  for  pearl  millei  Ihao  for  sorghum  in  deiermming  final  yield  because  of  higher 
tiUering  capability  of  pearl  millet 

There  were  plantmg  date  (?  - 0.0006)  and  genotype  effects  (P  - 0.0108)  m 1996 
for  total  DM  yield  (Table  3.1).  Cuhivar  SX  15  sorgbum-sudangrass  tended  to  have 
greatest  total  DM  yield,  however,  it  was  not  different  than  Tifleaf  2 pearl  miDn  (Table 
3.2).  In  1996,  two  oflbefourrephcaiesweteplamed  in  modeiately  to  poorly  drained 
soils.  lo  this  environment,  when  rainfall  is  average  or  above  average  sorghums  are  more 


J 

J. 

?!!!!« !HS 

I I i I I 

« O S U 5 

i I i I I 

m a S u ffl 

J i I I i 

I . s s . - 

i i i I 

^ 'd  s . < 

i i i i I 

< < < < < 

i i i i i 

I I i I I 

i i ii  = 


S4 

productive  than peai)  millets.  The  soilsl  the  expenmemalsite  in  1997  was  well  drained, 
an  enviroDment  favorable  to  pearl  millet  genotypes  according  to  Rachie  and  Majmudar 
(1930),  and  the  millet  cuttivBrs  yielded  05  much  or  much  more  than  the  sorghums  for  all 
plantiDg  dales  (Table  3.2). 

The  mteracdan  of  genotype  and  planting  dale  (P  = 0.000!)  for  total  DM  yield  in 
1 997  occurred  because  there  were  few  or  no  difioences  among  genotypes  in  the  March, 
April  and  early-May  planting  dales,  however,  after  that,  pearl  mHei  genotypes  woe 
superior  to  Hygrazer  sorghum-sudangrass,  and  in  the  last  planiing  date  (I  July  1997)  peart 
millet  genotypes  oulyielded  both  sorghum  genotypes.  Milei  genotypes  CK  600  and 
TiCe8f2.  andsorghumSX  IS  had greater  yieldslatdiiyatDongpIaoling  dates.  They 
maimaiDed  high  yields,  about  6000  kg  ha  ',  from  March  to  early-lune  planting  dates,  while 
Millex  32  produced  this  yield  until  the  laie-May  planting  and  Hygrazer  mamtained  the 
sametoialDM  yield  just  through  theearly-Mayplanting.  Ahhough  there  were  yield 
stability  differences  among  genotypes,  for  all  of  them  there  was  a dramatic  deaease  in 
yield  for  the  luiy  planting.  Among  (he  sorghums,  SX  IS  was  superior  to  Hygrazer  in 
1996,  and  m the  last  three  plaming  dates  of  1997.  Yield  among  miOet  genotypes  did  not 
differ  consistemiy  in  either  year. 

DM  Yield  oer  harvest 

There  was  no  goiotype  by  planting  date  inleraction  for  DM  yield  per  harvest  in 
1996  (P  = 0.0755)  or  in  1997  (P  = 0.3335;  Table  3.1).  Theie  also  was  no  effect  of 
planting  date  b 1996  (P>  0.1216),  but  m 1997  the  March  plantiug  dale  yielded  more  DM 
per  harvest  than  later  planting  dates  (Table  3.3). 
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Table  3.3.  Plantmg  dale  effecta  oa  dry  matter  yield  per  harvest  of  pearl  millA  and 

sorgbum-sudangrass  genotypes  planted  at  four  and  m planting  dates  in  1 996  and 
1997,  respectively.  Number  of  harvests  ranged  from  four  to  eight  depending  on 
planting  dale. 


Late-March 
Early- April 
Early-May 
Late-May 
Early-june 
Early-Juiy 
SE 


' Values  within  a column  followed  by  the  same  letter  are  not  different  (P  > 0.05)  by  LSD 
There  was  no  genotype  by  planting  date  interaction  in  1 996  (P  > 0.0755)  or  1997  (P  > 
0.3335). 


There  was  a genotype  by  harvest  interaclion  (P  * 0.0001)  in  both  years  (Table 
3.1).  The  DM  yieldperharvesi  decreased  from  about  1500  kgDMha  ' mthesecond 
harvest  to  about  400  kg  DM  ba ' at  Ibc  seventh  harvest  (Tables  3.4  and  3.5).  It 
r^ireseoted  an  average  reduction  of  about  150  to  200kgDMba  ‘ pet  harvest,  from  the 
first  to  seventh  harvest.  After  the  third  or  fourth  harvest,  increasmg  tiller  death  was 
observed,  likely  due  to  removal  of  apical  meristems  The  reductionoflive  tillers  was  a 
result  ofharvestmg  to  a IQ-cm  stubble  height  frequoitly,  ie.,  eveiy  2 to  4 wk. 
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Cunnilative  DM  yield  otthefim  four  harvKis  represented  66%  of  total  annual  DM  yield 
in  1996  and  72%  in  1997.  Culnvar  SX  15  sudangrass  presaued  greater  DM  yield  per 
harvest  than  CK  600  and  TiQeaf  2 pearl  mUleis  in  the  first  harvest  of  1 996.  but  in  the 
second  year,  MHea  32  pearl  miHw  had  greatest  first-harvest  yield.  However,  genotype 
did  not  affect  yield  in  most  harvests,  and  no  differences  occutred  after  the  fourib  harvest  in 
1 996  (Table  3.4)  and  after  the  second  in  1997  (Table  3-5),  Genotypes  ofbotb  ^secies  had 
greatest  yield  in  the  first  two  or  three  harvests.  Millex  32  presented  the  highest  yield  in 
just  the  first  harvest  after  each  planting,  and  immediately  thereafter  reduced  yield, 
probacy  due  to  its  early  maturity  and  the  associated  greater  damage  fipm  cutting. 

Yield  generally  was  above  1000  kg  DM  ha  ' from  the  first  to  fourth  or  fifth  harvest 
which  is  a reasonable  herbage  mass  for  steer  grazing  (Coser  and  Moraschhi.  1983; 
Josifovich  and  Ceressetto,  1989).  Reduclionofregrowih  vigor  after  several  cuttings 
could  be  attributed  to  abiotic  fiicion  and  to  stage  of  plant  development,  type  of  tissue 
removed  during  barvests.  organic  reserves,  tiller  number,  and  the  riming  of  apical 
merisiemrenuvalfRichards.  1993;Chapmmand  Lemaire,  1993).  In  the  preseal  case, 
almost  all  young  tissue  was  removed  every  harvest  leaving  reduced  leaf  area  and  perhaps 
low  organic  reserves  due  to  high  harvest  fiequency. 

Heibaae  yield  per  powth  oenod  and  growth  me 

When  considering  their  use  in  production  systems,  growth  rates  and 

herbage  distribution  of  warm-season  annuals  are  criticaL  There  were  genotype  by  growth 
period  and  planting  date  by  growth  period  imeractions  for  herbage  yield  per  growth  period 
in  both  years  (P  = 0.(XX)1.  Tables  3.6  to  3.9).  Summer  bod  the  greatest  herbage  yield  per 
growth  period.  There  were  no  differences  in  DM  yield  per  growth  period  among 


59 


I 

■a 

s 


'§ 

I 


I 


I 

I 


Is 


II 
s I 


I 

I 

I 


I 


I 

h 

£•2 


I 

U 


g. 


1= 


|| 

i! 


62 


I 

i 

I 

I 

I 

I 

i 

a 

•5. 

I 


1 

^2 

Is 


I 

" 1" 


63 

geootypesinqjringofbotliyear5andinMofl997(TabIes3.6aDd3.7).  During  M 
1996,  SX  15  soigbum  aodTifleafl  millet  had  greater  yield  than  HygrazCT  sorghum  (Table 
3.6).  yield  of  sorghums  in  summer  was  IDcely  the  mam  reason  for  interaction  as  SX  15 
sorghum  bad  the  greatest  yield  in  summer  1996  CTable3.6)and  Hygrazerhadthe  lowest 
yield  in  summer  1997  (Table  3.7).  Planting  dates  after  early  May  did  not  produce  any 
harvested  DM  yield  during  spring  (Tables  3.8  and  3.9).  In  1996.  the  greatest  DM  yield  in 
faDwasforlaieMay  and  June  plantings  (Table  3.g).  while  in  fall  1997,  the  July  plantmg 
had.  or  tended  to  have,  the  greatest  DM  yield  (Table  3.9). 

Growth  rate  data  are  one  means  of  assesring  the  ingract  of  planting  dates  on 
seasonaldistributionofDM.  To  simplify’ presentation,  growth  rate  data  are  shown  far 
onty  three  plantmg  dates  in  each  year  (Figs.  3.2  and  3.3).  Each  curve  represents  the 
average  of  the  five  genotypes  for  a given  planricg  date.  Far  both  years,  the  highest  dady 
growth  Tate  of  100  to  1 15  kg  DM  ha*'  d*'  occurred  with  the  eariiest  planting  date,  during 
late  spring  and  early  summer.  Even  though  later  planting  dates  also  presented  high 
marimum  growth  rates,  about  80  kg  DM  ha*'  d*',  these  rates  occurttd  during  a very  short 
period  of  approaimately  I mo.  For  the  10  May  1996  and  10  Apr.  1997  planting  dates, 
growth  rates  of  one-half  of  maximum  (50-60  kg  DM  ha*'  d*')  lasted  for  about  7 to  8 wk. 
The  high  yield  poieocia]  for  both  species  is  well  known,  but  the  question  is  bow  can 
forage  distribution  be  improved  across  the  growing  season.  One  reasonable  ahernative 
may  be  through  use  of  at  least  two  planting  dates  whh  a 3-  to  S-wk  iruerval  between 
plamiDgs.  Based  on  1996  data  (Fig.  3.2)  comtiamg  the  lOMay  witbcitber31  Mayor  12 
July  dates  was  sufficient  to  maintain  growth  rate  above  30  kg  DM  ha*‘  d ' until  the  middle 


(kg  DM/ha/d) 


120  - 


Harvest  date 


Figure  3.2.  Aveisge  growth  rate  of  three  pearl  milln  and  two  sorghuin-sudmgrass 
genotypes  planted  at  three  dates  m 1996. 


of  October.  The  response  was  similar  in  1997  (Fig.  3.3).  ahbougb  the  yield  response  for 
the  22  May  date  was  not  as  grealnor  as  long  lasting  as  for  31  May  1996.  These  data 
suggest  that  forage  distnbuQon  may  be  Improved  and  the  aurunm  forage  deficit  reduced  by 
planting  pearl  millet  aixl  or  sorghum-sudangrass  genotypes  at  two  or  more 
utUizing  imensive  managemem  including  frequent  harvests. 
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rigure3.3.  Average growibrei<ofthn«pearlmillci aadcwo sorgbum-sudangms 
gesot>pes  planed  at  three  dates  in  1997. 


Leaf  percentage 

The  management  used  priontzed  forage  nutrittve  value  instead  of  quantity.  There 
was  no  plantiag  date  by  genotype  interaction  for  leaf  percentage  in  1996  {F  = 0.8733),  but 
this  inieraction  did  occur  in  1997  (P  = 0.0272.  TaUe  3.1).  Also,  there  were  t»  differences 
among  genotypes  in  1 996  (P  = 0.7136)  when  the  annual  average  leaf  percentage  ranged 
from  70  to  75%.  In  1997.  Tifleaf2peatlniillei  had  the  highest  leaf  percentage  for  the 
March  to  June  planting  dates,  except  for  early  AprQ  when  it  did  not  differ  from  CK  600 
millei.  For  the  July  plaruing  date  Millex  32  pearl  mil, let  had  the  lowest  leaf  percentage 


(Table  3.1 0).  On  avenge,  Hygrazer  sorghum  had  imermediaie  leafiness,  about  7S%, 
while  SX  13  sorghum  and  Milieu  32  were  less  leafy,  bin  sCiD  high  whh  dose  lo  70^  of 
leafin  total  DM  produced.  MuJcaby  and  Stuart  (1937)  tested  forage  sorghum  cultivars 
and  found  leaficulm  ratio  ranging  fiom  2.2  fiir  Ma^,  a late  maluiing  cuhivar,  to  0.S7  for 
Trudan  and  0.43  for  Piper.  On  the  other  hand,  Cahi-I  pearl  adUet  when  cut  at  a 30-cm 
height  to  a 25-cin  stubble  yielded  14,000  kg  DM  ha  ' coniaming  90%  leaf  (Fribourg, 
1995). 

There  was  a planting  date  effect  on  leaf  percentage  in  1996,  avenge  leaf 
percentage  across  harvests  decreased  linearly  as  plantmg  date  was  delayed  (Fig.  3.4).  The 
planting  date  by  genotype  interaction  in  1997  occurred  due  to  an  atypical  response  ofSX 
13  sorghum.  It  had  lower  leafpercenuge  in  late  March  than  in  early  April  plancmgs  and 
it  increased  leaf  percentage  for  early  June  to  eaily  July  plantings  while  the  other  cuhivais 
maintained  or  decreased  leaf  percentage  at  later  dates  (Table  3.10  and  Fig.  3.4), 

Forage  from  dwarf  pearl  miDet  had  higher  leaf  perconage  than  forage  from  lah  plants 
(Hanna  etal  1979),  The  dwarf  types  had  reduced  mteraode  length,  plant  height,  and 
culm  percentage  (Burton  and  Fortson,  1966).  Differences  in  forage  nutritive  value 
between  dwarf  and  tall  genotypes  were  genetaDy  found  to  be  greater  at  late  stages  of 
growth  (Burton  el  at,  1969). 

There  were  genotype  by  harvest  intetacnons  on  leaf  percentage  (P  = 0.0001 ) is 
both  years  (TaUe  3.1).  Tifleaf2  pearl  inillel  had  as  great  or  greater  percentage  than  the 
other  genotypes  independent  of  harvest  in  both  years  (Tables  3.1 1 and  3.12).  There  were 
no  differences  in  leaf  percentage  between  sorghum  genotypes  in  either  year,  and  among 
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Planting  date 

ngure3.4.  Planting  date  elfcci  od  leaf  perconage  of  pearl  millel  and  sorgbiun-sudasgress 
genotypes  in  1996  and  1997. 1996-PD:I  (10  May),  2(31  May).  3(21  fune).4(12 
My),  and  1997-PD:  1 (20  Match),  2 (10  April),  3 (1  May),  4 (22  May),  5 (10 
June),  and  6(1  July).  Data  points  in  1996  are  LSmeans  across  five  genotypes  and 
four  replicates;  in  1997  they  are  LStneans  across  lour  replicales. 
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pearl  milieu  in  1 996,  however,  ia  1 997.  MDlex  32  had  a lower  leaf  percenlage  than  the 
other  mulcts,  aod  also  had  a lower  leaf  percentage  than  the  sorghums  after  the  third 
harvesi(Tables3.Il  at>d3.I2).  Interaction  occurred  in  1996  because  two  peart  millet 
genotypes  (MiDea  and  Tillear2)  had  a smaller  decline  in  leaf  percenlage  from  first  to  last 
harvest  (6-14  units)thandid  the  other  three  goiot)pes(22-26imiis.  Table  3.11).  in  1997, 
inieractian  occurred  because  the  sorghums  genotypes  incTeased  leaf  percentage  from  first 
to  second  harvest  (Table  3.12). 

Nutritive  Value 

Total  heibaee  crude  protein 

There  were  no  genotype  by  piaming  date  imeractions  for  total  herbage  CP  (P  > 
0.6S)ineiiher  year  (Table  3.1).  Tbe  earliest  planting  dates  had  the  lowest  CP 
coDcentrationinbolhyears(Table3.13).  TWo  reasons  may  explain  this  refuse  in  pan. 
Earlier  planting  dates  had  a greater  number  of  harvests  (7-8  relative  to  4-S)  and  tbe  N 
fertiUzation  protocol  provided  that  N applications  occur  only  after  the  first  four  harvests. 
Thus,  earlier  dates  had  more  harvests  that  were  not  preceded  byN  apphcation  and  higher 
yields  resulting  in  greater  dihitioa  of  N.  Additionally  some  N applications  for  tbe  late 
planting  date  treatments  occurred  after  the  heaviest  summer  rains  had  concluded,  rains 
that  may  have  leached  someNfiomsoiluoder  earlier  plandng  dates.  Therefore,  more  N 
fertilizer  per  harvest  and  perhaps  less  leaching  offertilmerN  characterized  later  planting 
dates.  In  Jordan.  Hanabaod  Hath  (1991)  and  Hatband  Hattab  (1991)  found  no  efiiKt  of 
sorghum-sudangrass  planting  date  on  berbege  CP,  and  the  range  of  CP  in  their  studies  was 
124  to  80  g kg  ‘ DM  for  the  first  to  fifth  harvest. 
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Tablc3.13.  Genotype  and  plaotmg  dale  ef?Ms  on  mide  protein  and  m vitro  organic 
matter  digestion  (IVOMD)  of  total  beitage  of  pearl  millei  and  sorghum- 
sudangrass  genotypes  planted  at  four  planting  dates  in  1996  and  six  planting 
dates  m 1997. 


gkg-'DM 

Late-Marcb 

Early-April 

Eaily-May  133  bt 

Ule-May  131b 

Early-June  16S  a 

Eaily-July  178  a 

SE  11 

Genotype 

GK600  160a 

MiUex32  lS7s 

Tifleafl  158  a 

Hygrazer  1 SO  a 

SXIS  134a 


gkg-'OM  

127  c - 660  a 

14Sb  - 666a 

130  c 69Sa  663  a 

153  a 678  b 667  a 

143  b 694  a 664  a 

143  b 662  c 674  a 


144  a 683  a 660  a 

141a  681a  662  a 

143a  685  a 66Sa 


142a  688  a 668a 

132b  695  a 673a 


t Values  wtthin  a column  foDowedby  ilie  same  letter  are  not  different  (P>  0.05)  by  LSD. 
There  was  no  genotype  by  plantmg  ^le  mieractian  for  crude  proieio  or  IVOMD  in  1996 
orinl997(P>0.S7). 
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There  were  no  diflerences  aoiODg  genotypes  for  louJ  herbage  CP  concentratioa  la 
1996  (P  = 0.1741),  but  there  were  in  1997  (P  = 0.0441;  Table  3.1).  In  1997,  SX  15 
sorgbum-sudangrass  had  (he  lowesl  CP  concemmion  (Table  3.13). 

Total  herbage  CP  conceotratios  was  affected  by  genotype  by  harvest  nueractions 
in  both  years  (P  = 0.0001;  Table  3.1).  Of  all  harvests  in  the  2 >r,  there  were  differences 
among  genotypes  only  in  the  first  and  second  harvests  of  1997  (data  not  presented). 
During  the  firstharvest  of  1997,  Tifleaf2peaiImiDet  had  the  highest  CP  concentration 
(ISI  gkg'’), but  in  the  second  harvest  Til)eaf2wa5  the  lowesl.  Harvest  number  effiKts 
on  CP  are  shown  (Hg.  3.S)  aoross  genotypes  because  the  interaction  of  genotype  and 
harvest  number  was  generally  due  to  changes  in  magnitude  as  opposed  to  direction  of 
response.  Harvest  number  changes  in  CP  refiectedramMl  conditions  in  the  2 yt.  During 
1 996.  herbage  CP  increased  during  the  later  part  of  the  year  wben  rainfall  was  less,  but  in 
the  drier  year  of  1997,  CP  declined  as  the  season  progressed. 

Total  herbage  IVOMD 

There  was  no  genotype  by  planting  date  mteraction  for  IVOMD  in  either  year 
(Table  3.1),  and  also  there  were  no  differences  among  genotypes  in  IVOMD  (Table  3.13). 
There  was  a planting  date  effect  in  1996  (P  <0.0002),  but  notin  1997  (P>  0.41).  In 
1 996,  the  July  planting  date  had  the  lowest  IVOMD  (662  g kg*^  OM),  while  the  early  May 
and  early  June  dates  had  highesi  IVOMD  (694-695  kg  ':  TaMe  3.13).  The  absence  of 
large  differences  either  year  suggest  that  harvests  were  done  at  about  the  same  growth 
stage.  Hattab  and  Harb  (1991)  and  HarbandHattab(199I)  found  no  efien  of  planting 
date  for  (VDMD  of  sorghum-sudangrass,  but  they  noted  a reduction  in  IVOMD  from  540 
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Figure  3.5.  EffectofharveslontoulhotiageinassCPoffivepearlimUHaiidsarglumi- 

sudangrass  genotypes  in  1996  aod  1997.  Data  are  LSmeans  across  five  genotypes. 
four(!996)orax(l997)  planting  dates,  and  four  repHcates.  **P<0.01 

to  443  g kg  ' DM  as  wen  as  an  increase  in  crude  fiber  fipin  328  to  377  g kg  ' DM  from  ibe 
first  to  fifth  harvests. 

Hiere  was  a genotype  by  harvest  interaction  for  total  herbage  IVOMD  in  both 
years  (P  <0.0001;  Table  3.1).  Similar  m the  mleraction  for  CP,  harvest  number  effects  on 
IVOMD  of  the  genotypes  were  of  aimilar  direction  but  sometiines  of  different  magnitude. 
Because  direction  of  the  te^xmse  was  similar,  data  are  plotted  across  genotypes  (Hg. 

3.6).  There  were  differences  in  IVOMD  of  total  herbage  during  the  first  three  harvests  fit 
both  years.  During  these  periods  there  were  no  differences  between  sorgbuffl-sudasgrass 
genotypes,  however  SX  IS  had  greater  IVOMD  than  ai  least  one  pesri  milJet  genotype  in 
each  of  three  first  harvests  in  both  years.  The  harvest  mioto  effects  on  IVOMD  aooss 
genotypes  was  similar  to  that  for  CP  (Figs.  3.5  and  3.6).  In  1996.  IVOMD  increased  from 
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Figure  3.6.  Effect  of  harvest  os  tola]  herbage  mass  IVOMD  of  five  pearl  millet  and 

sorghum-sudangrass  geDorjpes  fit  1996  and  1997.  Data  are  LSmeans  across  five 
genotypes,  four  (1996)  or  sia  (1997)  ptamnig  dates,  and  four  r^Ucates. 
•P<0.05  •*P<0.01 


about  6S0  gkg*'  at  harvest  1 to  690  g kg*'  at  harvest  8.  but  in  1997  IVOMD  increased 
approaiinately  20  units  from  harvest  I to  harvest  2 (680  to  700  g kg*'),  leveled  off  and  the 
decreased  to  560  to  600  g kg*'  in  tbe  last  harvest  (Fig.  3.6).  Caiisley  (1989)  found  similar 
IVOMD  (660-670  g kg  ' DM)  for  Sudan  sorgbum-sudangrass  pasture  during  summer  to 
early  fal  McCaitor  and  Rouquette  (1977)  reported  IVDMD  from  363  to  636  gkg*‘  DM 
for  Millex  23  pearl  millet  when  it  was  grazed  at  different  grazing  pressures  and  IVOMD 


i inversely  related  to  length  of  ctiaL 


Leaf  ami  culm  cnnieDr 


There  was  no  genotype  by  plaotmg  date  mleracdon  {P  > 0-50)  for  CP  of  leaf  or  culm  in 
1996  or  1997,  however,  there  were  differences  (P  < 0.05)  among  plamiiig  dates  in  both 
years{Table3.1).  Leaf  and  culm  CP  coocestradons  increased  from  May  to  My 
planting  dates  in  1996  (Table  3.14).  In  1997,  the  last  three  planting  dates  bad  greater  leaf 
CPconceatrationthanMerchandearlyMayplaiitings(I70  vs.  ISO  gleg''  DM). 
Differences  for  culm  CP  in  1 997  were  limited  to  the  early  May  planting  date  that  was 
lowest  in  CP  concentration  (75  g kg'*  DM)  and  the  early  April  planting  that  was  higher 
than  all  but  the  March  and  late  Mayplantin^  (Table  3.14). 

There  were  no  differences  among  genotypes  for  leafCP  concentration  in  1996 
(P>0.187)  and  1997  (P>  0.055)  and  leafCP  averaged  about  165(1996)  and  164(1997) 
g kg'*  DM  (Tables  3.1  and  3,14).  There  were  no  differotces  among  genotypes  for  cuhn 
CP  concentration  m 1996  (P  > 0.32).  but  there  were  differences  in  1997  (P  <0.0077).  In 
1 997.  the  pearl  millei  genotypes  presented  higher  culm  CP  coDcentratiop  than  both 
sorghum-sudangrass  genotypes  (Table  3.14),  conftnmng  a trend  that  estisiedin  1996. 
There  was  genotype  by  harvest  inleractiao  for  leaf  and  culm  CP  concentration  in  both 
years  (P  < 0.04).  There  were  differences  among  genotypes  for  leaf  CP  conceotration  in 
only  one  harvest  in  2 yr  and  for  culm  CP  concentration  in  only  two  harvests.  Leaf  and 
culm  CP  followed  the  same  seasonal  trends  as  described  for  total  herbage  in  both  years 
(Rgs.  3.7  and  3.8). 

LeafandcubtirvOMD 

There  were  no  genotype  by  planting  dale  mteractions  (P  > 0.23)  for  FVOMD  of 
leaf  and  cuhn  cotqiooents  in  1 996  and  1 997  (TaUe  3. 1 ).  but  there  were  planting  date 


TaUe  3.14.  CeDoiype  nd  plmuiDg  daw  effects  i 


orpearlmillei  and  sorghuat-sudangrass  genotypes  planted  at  four  daws  in  1996 
and  six  dates  in  1997. 


Uaf  CP 


Planting  date  1996 1997 


1996 1997 


Lsie-Marcb 
Early- April 
Early-May 
Lale-May 
Early- June 
Early- Jnly 
SE 


177  a 
170  a 
170  a 


GK600 

Mille*  32 

riDeaf2 

Hygrazer 

SX15 

SE 


* Values  within  a column  ftrilowed  by  tbe  same  letter  are  not  diSnm  (P  > 0.05)  by  LSD. 
There  was  no  genotype  by  planting  date  interactioa  for  leaf  or  cubn  CP  in  eitber  year 
(P>0.50). 


Harvest 


Figure  3.7.  EfTea  ofhuvest  onleefBadcuhoCPoffivepearlnnUnandsorghuin- 
sudaogra&s  genotypes  in  1996.  Data  are  LSmeans  across  four  plandog 
dates  and  four  tepKcsles.  **P<  0.01 


Figure  3.8.  Effect  of  harvest  on  leaf  and  cuka  CP  of  five  pearl  miDn  and  sorgbunt- 
sudangiass  genotypes  hi  1 997.  Data  are  LSmeans  aaoss  six  planting  dates 
and  four  rqjlicates.  *P<0.05  ••P<0.01 
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effecis  os  le&f  and  culm  is  1996  sod  leaf  m 1997  (P<0.0S).  lo  1996,  tbe  early  June 
planiicg  had  ilie  greatest  leafasd  culm  IVOMD  (Table  3.15).  is  1997,  May  plantiags  had 
lower  leaflVOMD  ihao  April  or  luly  plandogs,  but  there  were  no  plaoticgdate  effects  for 
culm  IVOMD  (Table  3.15).  Although  planting  date  diflbences  were  observed  for  leaf 
IVOMD,  ic  general  IVOMD  was  quite  tugh  and  occurred  in  a relatively  narrow  range  of 
680  to  710  gkg  ‘ for  leaf  and  from  630  to690gkg  'far  cuhn. 

There  were  genotype  differences  for  leaf  IVOMD  m both  years  (P<  0.001)  and  for 
cuhn  IVOMD  in  1997  (Table  3. 1).  SX  IS  sorgbum-sudangrass  had  tbe  greatest  leaf 
IVOMDinbothyears(Table3.1S).  Tbere  were  no  differences  among  genotypes  for  cuhn 
IVOMD  in  1 996  (P  = 0.44).  but  in  1997  SX  15  was  superior,  but  did  not  differ  from 
Hygrazer  sorgbum-sudangrass  (Table  3.15).  House  eiaL  (1995)  characterized  pearl  millei 
culm  as  more  woody  than  sorghum  culm  at  maturity. 

There  was  a genotype  by  harvest  interaction  (P  = 0.0001)  forleafIVOMD  in  both 
yean,  and  for  culm  IVOMD  (P- 0.0273)  in  1997  (Table  3.1).  SX  15  sorgbum- 
sudangrass  presented  greater  leafIVOMD  than  the  pearl  millets  in  tbe  first  and  second 
harvests  in  both  years,  but  alts  the  second  harvest  of  1 996  it  piesemed  simfiar  leaf 
IVOMD  to  at  least  one  pearl  millel  genot^.  There  were  no  difiercices  among 
genotypes  for  culm  IVOMD  on  first,  fifth,  sixth,  and  seventh  harveslsm  1997.  however 
SX  15  sorgbum-sudangrass  presented  greater  culm  IVOMD  than  GK  600  pearl  millet  in 
the  second  harvest,  and  greater  than  all  pear)  millet  genotypes  in  tbe  third  and  fourth 
harvests  of  1 997.  The  harvest  number  eSect  on  leaf  and  cuhn  IVOMD  was  similar  lo  that 


already  described  for  total  herbage  (Figs.  3.9  and  3.10). 


Table  3.1  S.  Gmotype  and  plaolicg  dale  effects  on  in  vitro  organic  maner  digestion  of 
leaf  and  cuhn  congtonoits  of  pearl  millw  and  sorghum-sudangrass  genotypes 
planted  at  four  planting  dates  in  1996  and  six  planting  dates  tit  1997. 


Planting  date 

Leaf  IVOMD 

Culm  IVOMD 

1996 

1997 

1996 

1997 

b b 

Laie-Mareb 

683  ab 

661  a 

Early- April 

691  a 

667  a 

Earty-May 

688  bt 

678  b 

631b 

654a 

Laie-May 

678  b 

676  b 

638  b 

665  a 

Eatiy-June 

710a 

689  ab 

638  a 

658  8 

Earty-July 

687  b 

695  a 

628  b 

658  a 

SE 

5.0 

4.5 

12.4 

7.4 

Genotype 

GK600 

684  be 

679  be 

638  a 

640  c 

Millex32 

678  c 

687  b 

631  a 

651  be 

Tifleaf2 

684  be 

675  c 

640a 

657  be 

Hygrazer 

695  b 

684  be 

662a 

666  ab 

SX15 

712  a 

702  a 

660  a 

690a 

SE 

6.0 

4.3 

14.8 

6.8 

t Values  withbi  a column  followed  by  the  same  letter  are  not  different  (P  > 0 05)  by  LSD. 
There  was  no  genotype  by  planting  interaction  (P  > 0.23)  for  leaf  or  cuhn  in  either  year. 


Harvest 


Figure  3.9.  Effect  ofharvesi  on  leaf  and  cubn  [V^ilD  cf  five  pearl  miHo  and  sorghum- 
sudangrass  genotypes  in  1996.  Data  are  LSmeans  across  four  planting  date  and 
four  repbeates.  ’P  < 0.05 


A 2-yr  etqtenmem  was  conducted  at  the  Beef  Research  Unit,  Uoiver^  of  Florida, 
northeast  ofGamesviBe  to  compare  yield,  seasonal  yield  distribution,  and  nutritive  value  of 
pearl  millet  and  sorghum-sudangruss  genotypes  planted  at  different  dates  and  harvested 
frequently.  Total  hethage  yield  decreased  linearly  as  planting  date  was  delayed.  Between 
sorghums.  SX  15  had  greater  total  DM  yield  than  Hygrazer  for  bie  plantings  (bte  May  to 
early  July).  Yield  differences  among  cuhivars  was  tial  consisiect  from  year  to  year. 
Aiihougb  the  greaiesi  herbage  yield  occurred  in  siuntner.  forage  distribution  may  be 


S2 


Harvest 


Figure  3.10.  Effect  ofharvest  osleafaodculmlVOMDor&vepeaiimillet  aadsor^um- 
sudangrass  genotypes  in  1997.  Data  are  LSmeacs  across  six  planting  dales  and 
four repBcaies.  ••P<0.01 


inqjToved  and  the  autunni  forage  deficit  reduced  by  planting  pearl  milleT  and  or  so^um- 
sudangrass  genotypes  at  two  or  more  dates  and  utilizing  management  iwduding  fiequent 
harvests.  Leaf  percentage  for  most  cuhtvars  decreased  linearly  as  plannng  date  was 
delayed.  TiDeaf2miIlet  bad  onended  to  have  the  greatest  leafperceotageindependent  of 
planting  or  harvest  date,  and  decreased  Com  earliest  plantings  to  June,  and  from  June  to 
July  plantings.  Nutritive  vahie  was  high,  and  CP  coocectraikm  across  planting  dates  and 
genotypes  ranged  from  144  to  199,  75  to  148,  and  127  to  178  gkg  ' DM.  reqsectively.  for 
lea£  culm,  and  total  beibage,  while  IVOMD  ranged  between  675  to  712, 628  to  690.  and 
660  to  695  g kg*'  OM  for  the  same  fractions.  Total  herbage  and  leaf  had  the  lowest  CP 


coocentmioDS  io  tbe  earUesl  planting  date.  Anung  genot>pes  there  were  no  dliferenc 
IVOMD  and  CP  coDcestratic'ii  for  total  beitsge,exc^  for  1 yrwbeoSX  IS  had  tbe 


lowest  CP  coacemratioD  for  total  herbage,  leaf  and  culm.  It  also  had  tbe  highest  leaf 
IVOMD  in  both  yean,  and  highest  cuhn  IVOMD  in  I yr. 

These  data  suggest  that  warm-season  miTmal  grasses  provided  hi^  nutritive  value 
forage  for  graaing  by  lactatmg  dahy  cows  when  harvested  frequemtiy.  Multiple  planmg 
dates  hifiroved  forage  distributioD  and  emended  the  grazing  season  abont  30  d.  during  a 
time  of  the  year  when  waim-season  perennial  grasses  usually  have  tew  nutritive  value. 


CHAITER4 

EFFECT  OF  PLANTING  DATE  ON  FORAGE  YIELD  AND  NUTRITIVE  VALUE  OF 
ANNUAL  COOL-SEASON  MIXTURES 


iQttoducrion 

Confisemeot  bousing  and  feeding  byproduct  fiber  sources  or  conserved  forage  as 
compoceois  of  total  mixed  rations  characteiize  (be  Florida  dairy  industry,  however,  in  the 
last  S yr  some  producers  have  adopted  pasture-based  feeding  systems  that  rely  on  grazing 
ofperennialwarm-seasongrasses.  These  forages  do  not  sui^ly  adequate  quantity  or 
quality  during  late  &II  ttarougb  spring.  Cool-season  annual  grasses  and  legumes  have 
potential  to  fin  some  of  (his  gap. 

Cool-season  forages  are  high  m quality  and  may  provide  valuable  Tall  through 
spring  gramng.  Mixtures  of  these  ^>ecies  are  used  to  iiKTease  forage  production,  to 
lengthen  the  forage  producrion  season,  and  to  reduce  the  risk  of  not  having  forage  for 
grazing  (Phillips  et  ah,  1996).  Mixtures  of  ryegrass  (tolium  muinyiomm  Lam.)  with  small 

value.  The  addmon  of  a small  grain  allows  for  earber  grazing  compared  to  ryegrass  alone. 
Clovers  (Trifolium  spp.)  grown  in  mixrures  with  grasses  can  increase  herbage  crude 
protein  (CP),  reduce  N fertilizer  rrqruL  iiujease  forage  intake,  and  increase  animnl 
performaDce  due  to  their  superior  feed  value  10  that  of  grasses  (Pedersen  and  BaR  1991). 
Legumes  added  to  a rye  [Secate  certnie  L.)-ryEgrass  mixture  were  found  to  supply  N, 
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maintain  mj&itive  value,  and  ExleDd  grazing  season  m late  string  (He 


Alison.  1982).  In  addition.  N fertilizer  economy  due  to  presGice  of  legumes  in  the  pasture 

Early  this  century,  Ferris  (1917)  reported  (hat  oai  (.ilvenarorrvaL.HcguiDe 
pasture  and  ryegrass-clover  provided  eacellent  nutritive  value  forage  for  grazing  dairy 
cows  in  (he  winter  months  in  Mississ^i.  Bagley  et  ah  (1988)  reported  daily  gains  of 
steers  above  0.90  kg  in  pastures  ofryegrass-ladino  clover  (Tn^lium  repens  L.).  In  a 3-)T 
trial.  Hoveland  et  ah  (1991)  reported  daily  gains  of  stems  of  1.18  kg  on  rye-ryegrass- 
crimson  dover(rr(&fiw7i  imamoruni  L.)  pastures.  Rye  and  dovm  were  beneficial  for 
enhancing  forage  avail^nlity  and  animal  gaina,  respectively.  Dairy  cow  performance  on 
cool-season  pastures  has  been  reported  to  range  from  IS  to  17  kg  of  &t  conectedmOk 
per  cow  daily  and  fiomSOOOto  12000  kg  ha  ' yr  ' (Bums  and  Bagley.  1996).  Marshall 
(1957)  inFbrida,  reported  miTlr  production  of  14.7  kg  d*'  for  cows  grazmg  oat  pasture, 
and  heifers  receiving  no  supplemenial  feed  gained  an  average  of  0.5  kg  d ' and  a total  of 
264kgha'‘.  In  New  Zealand,  Tbom  and  Biysnl<1996  a,b)  reported  milk  production  of 
3600  to  3800  kg  cow  ' wbeo  grazing  '(honcord'  annual  ryegrass  during  a 270-d  lactation. 

Soil  moisture  (rak^)  is  (be  key  to  successfully  growing  cool-season  forages  in 
Florida  (Stanley.  1999b).  The  optmiumplantingdate  of  cool-season  annual  grasses  lobe 
used  for  forage  should  be  3 to  4 wk  before  the  optinnun  planting  date  for  grain  in  that 
regfon.  but  at  that  time  there  is  increased  susceptilniiiy  to  insecls  and  diseases  (Philips  et 
ah,  1996).  Planting  postures  ai  different  planting  dates  may  reduce  risks  of  estabiishinent 
failure  due  to  undesiraUe  environmemal  conditioos  at  one  date  and  may  inwove 
distribution  of  dry  matter  (DM)  and  nutritive  value.  Choice  of  species  or  confoinations  of 
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species  may  also  have  a major  oqiact  on  pasture  productivity  and  distributiOD  of  quantity 
and  quality.  Isfamaijon  is  needed  regarding  the  effects  of  species  combinatioDS  and 
planting  dates  on  seasonal  distribudon  of  yield  and  quality  of  these  forages. 

The  present  study  was  conducted  in  north  coitral  Fbtida  during  the  cool-seasons 
of  1996-1997  and  1997-1998.  The  ot^eedve  was  to  detenmne  the  eff^  of  planting  date 
on  forage  yield,  forage  distribution,  and  nutritive  value  of  six  cool-season  forage  mixtuTcs. 

Materials  and  Methods 

The  experimem  was  conducted  at  the  Beef  Reseaicb  Unit  of  the  Untversicy  of 
Florida,  notlhofCainesville,  Florida  during  cool  seasons  of  1996-97  (refored  to  as  the 
1996  year)  and  1997-98  (referred  to  as  the  1997  year).  Soils  belonged  to  the  Plummer 
Series  (loamy,  siliceous,  themic  Grossarenic  Paleaquuhs)  in  1996,  audio  theSparr  Series 
(loaxi^,  siliceous,  hyperthomic  Orossarenic  Paleudults;  USDA,  1985)  in  1997,  Mean  soil 
pH  was  6.8  and  MehHch  I extractable  P and  K were  26  and  SO  mg  kg'*,  respectively. 

Four  plaming  dates  at  4-wk  imervals  were  tested  from  September  to  December 
each  year  (19  Sept.,  17  Oct.,  1 4 Nov.,  and  II  Dec.  1 996  and  2 Oct..  SO  Oct.  25  Nov., 
aDd23Dee.  1997).  Themixnire  treatments  were  rye-oat  (R-0),  rye-oat-ryegrass  (R-0- 
Rg),  rye-oai-crimson  clover  (R-O-Crbn),  rye-oat-ryegrass-enmson  clover  (R-O-Rg-Crim), 
lye-oat-red  clover  (R-O-Red),  and  rye-oat-ryegrass-red  clover  (R-O-Rg-Red).  Cuhivars 
used  were  'Suirey'  lyegrass.  'Ozark'  oat.  'Grazemasier'  rye,  'Dixie'  crimson  clover,  and 
‘Cherokee’  red  clover  (rtt/bftu/npratenieL.). 
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Plot  size  was  21  m‘.  Treadnons  were  arranged  as  a splh-ploi  experiment  is  four 
replicates  of  a randomized  complete  block  design  with  planticg  date  as  tbe  marr  plot  and 
fbtage  inixtme  as  the  subplot.  Seeding  rates  were  64,  36, 16, 17,  and  8.5  kg  ha''  for  rye, 
oau  ryegrass,  crinsoo,  and  red  clover,  respectively.  The  appropriate  Rhizobium  trijblli 

ryegrass  were  seeded  imo  a prepared  seedbed  using  a driD  in  a 15-cmrow  spacing  at  a 3 
CO  5 cm  seeding  depth.  'The  clovers  were  broadcast  by  hand,  after  wtucb  one  pass  was 
made  with  a cuttipacker  seeder. 

Hie  P (18  kg  ha  '}  and  K(66  kg'']  were  applied  according  lo  soil  test 
recotmaeodatioES  10  to  14  d after  planting  each  year.  Fourty  kg  ofN  ha  ' wasapphed 
together  with  P and  K.  The  same  amount  of  N was  applied  after  each  ofthe  first  two 
harvests  of  the  mixtures  with  clover,  and  after  each  of  (he  first  three  harvests  of  (he 
mixtures  without  cbver,  resulting  in  totals  of  1 20  kg  N ha  ' and  160kgNha'‘, 
respectively.  Because  of  slower  than  normal  growth  and  very  high  rain^  tbe  second  N 
application  for  Che  1997plancmgwas  tnadeon22  Jan.  1998,  before  the  first  harvest. 

Pbts  were  sangiled  when  forage  was  25  to  40  cm  tall  using  a sickle'bar  mower  to 
cut  to  a 7‘to  10-cm  stubble  height.  The  nurnber  of  harvests  was  six.  six.  five,  and  four  for 
the  19  S^..  17  Oct.,  14  Nov.,  and  II  Dec.  1 996  planting  dates,  re^iecnvely.  Number  of 
harvests  was  three  for  the  2 Oct.,  30  OcL.  and  25  Nov.  1997  planting  dates,  and  two  for 
tbe  23  Dec.  1997  planting.  Afterremoving  borders,  an  area  of  10  m' was  clipped, 
weighed,  and  two  sub-samples  were  taken.  Onewasused  for  detenmnationorDMaod 
tbe  other  for  boiamcaJ  composition.  Saiqrles  were  separated  by  hand  imo  small  grains 
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(lye-oat).  ryegrass,  clovers,  and  other  (iscludiDg  weed  species  and  senescent  and  dead 
matehal).  Total  herbage  samples  and  each  forage  component  oflhe  pasture  were  ground 
to  pass  a l-nmiscreenusiDga  VTdeymillaDdanalyzedroriii  Yttroorganicmatter 
digesnlrility  (TVOMD)  and  CP.  Sandies  were  digested  for  N delenmnations  using  a 
modificatianofthe  aJuminum  tdock  digesdoo  procedure  ofCallaher  et  al-(I97S). 
Ammonia  m the  digeslate  was  determined  by  sermautomacic  colacintnrv  (Hamblelon. 

1 977),  The  CP  {DM  basis)  was  calculated  as  N a 6.25.  He  IVOMD  concentration  was 
deienniDed  using  the  iwo-siage  procedure  ofTihey  and  Terry  (1963)  as  modified  by 
Moore  and  Mott  (1974).  Laboratory  analyses  were  conducted  b the  Forage  Evaluatron 
Support  Laboratory  (FESL),  located  on  the  campus  of  the  University  of  Florida. 

Growth  period  and  total-season  forage  production  were  calculated  by  summing 
across  harvests.  The  harvests  were  grouped  bto  five  growth  periods  based  on  solstice 
and  equinox  dates.  Tfaegrowthperiods  were  named  late  bH(SNovemberio  21 
December),  early  wimer  (22  December  to  S Febniary).  late  wmto'  (6  February  to  20 
Marcb),  early  spring  (21  March  to  8 May),  and  late  spring  (9  May  to  21  June).  Total 
annual  producdoD  was  also  summed. 

Data  were  analyzed  usmg  the  Statistical  Analysis  System  software  padtage  (SAS. 
1989).  Across  growthperiods,  data  were  analyzed  asrepeated  measures  usmg  PROC 
MIXED  model  for  repeated  measures  (LitteDetaL,  1996;  LitteUelaL.  1998;  SAS.  1989). 
To  determine  the  effects  of  year,  planting  date,  and  mixture  b total  DM  producrion,  data 
were  analyzed  as  a spb-splii-ploi  experiment  (Montgomery,  199 1)  also  using  a PROC 
MDCED  model  (year  as  main  plot,  date  as  sub-plot  and  mixnirt  as  sub-sub-ploi).  To 


determme  the  efTecta  of  plantbg  dale  and  mixture 
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i)«gras&  and  cloven)  data  were  analyzed  using  the  General  T .iiig«r  Models  procedures 
(PROC  GIM).  E>ifferences  among  treatmems  were  considered  to  be  significant  at 
P < 0.05.  Means  were  sqnrated  using  the  least  significant  diflerence  (LSD)  method  (SAS 
Instinne,  1989). 


Results  and  Discussion 

Foratie  Yield  and  Botanical  Composition 
Total  forage  yield 

There  were  year  by  mhtture  (P  < 0.024,  Table  4.1)  and  planting  date  by  mixrure 
(P  < 0.0001)  hneraction  effects  on  total  DM  yield  (Table  4.2),  but  thoe  was  no  planting 
date  by  year  imeractioo  (P  > 0.24,  Table  4.2).  The  R-O-Rg  mixture  had  greatest  total  DM 
yield  for  both  years,  but  was  not  diflerem  than  R-O-Crim  in  1996  (Table  4.1).  The  forage 
productloain  1996  was  459i  greater  than  in  1997.  The  decrease  in  yield  in  the  second 
year  was  less  for  mixTurts  with,  than  those  without.  lyegrass.  In  the  second  season, 
ryegrass  mixtures  produced  75%  as  much  forage  as  produced  in  the  first  season,  whereas 
mixtures  without  ryegrass  produced  just  65%  as  much  forage  as  in  the  first  year  (Table 
4.1).  Rainfall  was  an  ingianani  determiDanl  of  performance.  In  the  first  year,  there  was  a 
dry  period  during  Fetxuaiy  and  March  1997,  when  rainJidl  was  just  40%  of  normal,  i.e., 
110  mm  lower  than  normal.  During  the  period  fiomOaober  1997  to  Februaiy  1998, 
rainM  was  550  mm  above  normal  (Table  4.3).  During  February  1998  alone,  there  was 
323  mm  of  rainfall,  a Gainesville  record,  and  240  mm  above  the  70'yr  normal  of  83  mm 
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4.1.  YearbymixtuRinleractioiifbr  total  dry  mactsr  yield  of  six  cool-season  forage 
mixtures  planted  at  four  planmig  dates  in  1996  and  1997. 

Mixtirret  1996  1997  SE 

-kgDMha-*  — 


R-0+  3670  bAJ 
R-O-Rg  4360  a A 
R-O-Crim  40SO  a A 
R-O-Rg-Craa  3500  b A 
R-O-Red  3620  b A 
R-O-Rg-Red  33S0  b A 


2470  bB  290 
3!7DaB  287 
2380  bB  287 
2660  b B 287 
2400  bB  287 
2460  b B 287 


♦ R = rye.  O = oat.  Rg  = ryegrass.  Crim  = crimson  clover.  Red  = red  clover. 

{ Values  within  a cotuznn  followed  by  the  same  lower  case  lener  and  in  the  same 
row  followed  by  tbe  same  upper  case  lener  are  not  dUferent  (P  > O.OS)  by  LSD. 


Excessive  ram  appeared  to  leach  N fertilizer  and  reduce  yields,  especially  those  of  small 
grains.  March  1998  ramfallwasnonnal,but  was  followedby  as  April  through  May 
drought,  with  ISOmmlowerthansonnaltariifalL  This  also  contributed  to  lower  second- 
year  yields. 

The  two  mtennediate  planting  dates  generaDy  resulted  in  greatest  DM  yield  (Table 
4.2),  and  the  R-O-Rg  mixture  had  the  greatest  total  DM  yield  for  those  dates.  The  R-O 
mixture  had  the  greatest  total  DM  yield  for  first  planting  date,  but  R-0  yielded  lower  than 
R-O-Rg  and  R-O-Crim  in  tbe  December  plantings  (Table  4.2).  There  was  no  efieci  of 
planting  date  on  total  DM  yield  for  R-O-Crim  and  R-O-Red,  however,  ryegrass  mixtures 
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Table  4.3.  MoothlyrainMai  Beef  Research  Uih  of  tlniverniy  of  Florida  m 1996-98. 


Month 


January 


May 


July 


Sept  ember 


NovembCT 

December 


1996 


1997 


155 

192 

318 

112 

62 

130 

23 

104 

1096 


29 

48 

211 

64 

144 

144 

112 

136 

242 

1323 


1998 


99 

323 


19 

1299 


64 

1332 


' Normal  is  that  reported  for  the  Uoiv  ofTlorida  Agronomy  Farm  in  Gainesville,  FL. 


increased  DM  yield  frouj  19  Sept.  1996  and  2 Oct.  1997  to  late  October  plantings, 
whereas  R-0  and  lyegrass  mixtuTes  decreased  yield  from  November  to  December 
plantings  (TaUe  4.2).  Elder(l960)  studied  clqiping  responses  of  small  grains  iom 
plantings  dates  from  Septembs  to  November  and  reported  a reduction  in  total  DM  yield 
due  to  delayed  plantings. 

Botanical  Composition  and  Component  Yields 

Rye^oat  was  tbe  most  ntgxtnant  con^nent  for  aD  mixtures  in  1996,  averaging 
about  SO  and  70%  of  total  DM  for  mixtures  with  and  without  ryegrass,  respectively 
(Tables  4.4  and  4.S,  Figs.  4.1  and  4.2).  SmaL  grain  contributed  from  7S  to  98%  of  total 
DM  for  the  R-0  mixture,  and  weeds  and  dead  matenal  contributed  from  2 to  22%  (Figs. 
4.1  and  4.2).  In  smaO  gram-clover  mixtures,  the  small  grain  con^neni  was  about  60%  of 
total  DM  yield,  andil  was  about  38%  for  mixtures  of  small  grahi-ryegrass-clova' (Table 
4.4,  Figs.  4.1  aod4.2).  There  were  differences  in  percentage  of  rye-oat  in  total  DM 
berweenR-O-CriniandR-O-Redfbronlythe  October  1997  plantings.  Similarly  smaD 
gram-ryegtass-clover  mixtures  had  diffmences  in  percentage  of  rye-oat  only  for  the  30 
Oct.  and  23  Dec.  1 997  plantings  (Table  4.4).  There  were  no  differences  among  cbver 
ohxtures  for  rye-oat  DM  yield  for  September  and  October  1 996,  and  2 Oct.  1 997 
plantings.  However  for  plantings  from  November  through  December,  rye-oat  DM  yield  of 
clover  mixtures  without  ryegrass  was  greater  than  in  clover-ryegrass  mixtures  in  botb 


years  (Table  4.5). 
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Tbere  was  no  planring  dale  clfea  on  percentage  rjcgrass  in  1996.  Ryegrass 
averaged  4!  % for  the  R-O-Rg  mnmire  and  about  20H  for  R-O-Rg-clover  mixtures  (Table 
4.6  and  Fig.  4.1).  In  the  wet  year  of  1 997.  ryegrass  conoiburion  rose  to  above  60%  for 
the  R-O-Rg  mixture  and  above  70%  for  the  November  and  December  planring  dates 
(Table  4.6)  with  yields  of 2500  kg  DM  ha  ’ or  more  (Table  4.7  and  Fig.  4 J).  These  data 
support  the  conclusions  of  other  authors  that  annual  ryegrass  is  more  tolerant  to  excessive 
soil  moisture  than  small  grains  (BaD  et  al,  1991;  Phillips  etak,  1996;  Stanley,  1999b). 

The  clover  congxment  was  quanrilarively  izigtonant,  contributing  1 2 to  45%  of 
total  DM  in  the  mixtures  without  ryegrass,  and  6 to  29%  in  ryegrass  mixtures  (Table  4.S). 
As  observed  for  small  grams  and  ryegrass,  there  were  year  differences  in  clover  percentage 
inthemixiures.  Crimson  clover  contribuied  a greater  pioportiooofDM  yield  in  the  drier 
year  of  1 996.  while  red  clover  percentage  was  higher  in  the  wet  year  of  1997.  The 
average  percentage  of  crimson  clover  decreased  from  about  26  to  17%,  whereas  red 
clover  increased  from  about  15  to25%m  1996  and  1997.  respecrivety  (Table  4.S).  This 
was  true  in  mixtures  with  or  wriboui  ryegrass,  thus  it  seems  likely  that  the  efleci  was 
weather  related  instead  ofbemg  only  due  to  degree  ofcoi^eririon  from  other  forages  in 
tbeimxnire.  Crimson  clover  yield  decreased  from  about  1200  in  1996  to  450  kg  DM  ha  ' 
in  1 997.  whOe  red  clover  maintained  yield  of  about  600  kg  DM  ha  ' (Table  4.9).  Clover 
had  or  tended  to  have  greater  DM  yield  in  mixtures  without  ryegrass  than  with  (Table 
4.9). 

Addilioa  of  ryegrass  to  the  R-0  tcuxture  reduced  rye-oat  yield  by  approximately 
half  Clovers  also  reduced  lye-oal  yield,  when  congiariiig  the  R-O  mixture  with  R-O-Crim 
and  R-O-Red.  but  they  generally  were  not  as  competitive  with  R-0  as  was  ryegrass. 
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Ctoveri  also  reduced  ryegrass  yield  (comparing  R-O-Rg  wiili  R-O-Rg-Red  and  R-ORg- 
Ciim).  but  there  were  no  coosisieoi  difiereaces  between  clovers  in  the  degree  to  which 
their  additioo  to  the  mixture  reduced  yields  of  either  rye-oat  (R-O-Crim  vs.  R-O-Red)  or 
ryegrass  (R-O-Rg-Crim  vs.  R-O-Rg-Red). 

Forage  Yield  bv  Growth  Period 

TreaDsenis  with  the  greatest  total  yieklniayDat  be  the  best  choice  if  othm 
providealongetproducavepetiodorbetierdistribuDonofDM-  Thus,  con^ering 
different  periods  (P)  of  the  growing  season,  specifically  late  M (PI,  before  21  December), 
early  whiter  (P2, 22  December  to  5 Febniary),  late  winter  (P3,  6 February  to  20  March), 
early  spring  (P4, 21  March  to  8 May),  and  late  spring  (P5,  afler  8May),  may  be  useflil. 

There  was  no  plaming  date  by  mixture  inleraction  either  in  1996  (P>  0.13)  or 
1997(P>0.95)forDM  yield  by  growth  period.  However,  there  were  growth  period  by 
mixture  and  growth  period  by  planting  date  (P<  0.0001  )mieractions.  Consequently,  yield 
responses  for  growth  periods  are  presented  by  mixture  and  planting  date. 

Growth  oenod  bv  mixnire  interaction  effects 

Only  when  plaming  occurred  on  19  Sept.  1996  was  there  a harvest  before  21 
December  (late  fall  growth  period,  Fig.  4.3).  Firsi  harvest  occurred  in  late  wimer  for 
October  and  November  1 997  plantings  and  only  in  early  spring  for  December  1997 
piaxnhig  (Fig.  4.4).  Spring  growth  poiods  had  greatest  yield  for  many  nhxtures,  but 
mixtures  inchiding  cbver  tended  to  produce  significam  forage  after  8 May  (Tables  4.10 
and  4.1 1).  The  mixiure  R-0  did  not  provide  any  DM  for  the  late  spring  growth  period;  by 
ibeo  rye  and  oat  bad  completed  tbeh  lift  cycle.  Fall  and  wmier  forage  induction  from 
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lye-oat  was  greater  tbas  from  ryegrass,  whereas  later  forage  from  ryegrass  was  greater 
than  forage  produciioD  fromsmallgraitts,  agreeing  with  results  of  Keen  ah  (199S).  They 
tested  ryegrass  and  small  grains  m three  planting  dates  during  September  through  October 
and  concluded  that  when  planting  in  early  September,  including  rye  or  oat  with  ryegrass 
allowed  earlier  grazing  in  Alabama.  The  olover  mixtures  had  greatest  yield  in  late  firing 
in  1996,  but  in  1997  the  R-O-Rg  mixture  had  greatest  DM  yieUfTaUes  4.10  and  4.11)  in 
that  season.  To  sm^Iify  presentation  of  individual  coiqxinent  yields  by  growth  period, 
data  arc  graphed  on  Figs.  4.3  and  4.4.  Tables  showing  the  numerical  data  and  statistical 
analyses  are  in  the  appendix  (Tables  A.I  to  A.12)  and  are  referenced  in  the  text. 

Rye-oat  DM  yield  during  winter  and  early  spring  growth  periods  (Paiods  2, 3 and 
4)  from  (he  19  Sept.  1996  planting  was  lower  than  that  ofthe  October  1996  planting  (Fig. 
4.3.  Tables  A.1  toA.3).  Early  wimer  (Period  2)  was  the  growth  period  with  greatest  DM 
yield  of  rye-oat  for  September  and  October  1 996  plantings,  bowevs  late  winter  (Period  3) 
was  the  greatest  for  November  and  December  1996  plantings  (Fig.  4.3  and  Tables  A.I  to 
A.3).  The  contribution  ofthe  rye-oat  con^oent  to  total  DM  yield  extended  only  to  early 

There  was  no  difference  fbrtye-oal  DM  yield  for  October  and  November  1997 
plantings  for  R-O,  R-O-Rg.  and  R-O-Red  imxiures.  and  during  late  wimer  for  all  mbccures 
(Hg.  4.4  and  Tables  A.4  to  A.6).  The  December  1997  planting  had  lye-oat  yield  only  b 
early  sprmg  (Fig.  4.4).  Rye-oat  mamiained  or  mcteased  yield  from  winter  to  sprmg  for 


October  sod  November  1 997  plantings,  however  h decreased  yield  for  tbe  R-O-Rg 


mixture  probably  due  to  ryegrass  coiqxtitioD  (Fig.  4.4  and  Tables  A.4  to  A.6). 

Ryegrass  had  the  greatest  DM  yield  during  early  spring  (Figs.  4.3  and  4.4). 
however  for  December  plantings  R~0-Rg  had  the  greatest  yield  in  late  spring.  Ryegrass 
and  clover  mixtures  had  ICFwer  ryegrass  DM  yield  for  1996  plantings,  probably  due  to  a 
dry  February  and  March  1997  period  (Tables  4.3,  and  A.7  and  Fig.  4.3).  However, 
ryegrass  yields  during  tbe  wet  1997  year  were  high  (Tables  4.3,  and  A.3.  and  Fig.  4.4). 
There  were  no  differences  (P  > 0.06)  amoog  mixtures  for  ryegrass  yield  during  early 
spring  for  2 Oct.  and  25  Nov.  1997  plantings,  but  for  the  30  Oct.  1997  plarmcg  lyegrass 
yielded  more  in  the  R-O-Rg  mixture  than  in  R-O-Rg-Ciim.  Ryegrass  yields  were 
mamiained  Ihrougbout  the  spring  period  for  October  1 997  plantings  and  reduced  for  tbe 
25  Nov.  1997  planting  (Table  A.8). 

Clover 

Tbe  R-O-Crim  treatment  had  greatest  clover  yield  in  early  spring  for  September 
and  October  1996  plantings  (Table  A.9  and  Fig.  4.3]  and  in  late  spring  for  November  and 
December  1 996  planiings.  For  tbe  R-O-Rg-Ctim  mixture,  there  was  no  difference 
between  spring  harvests  in  clover  yield  for  October  and  November  1996  plantings, 
whereas  for  the  September  planting  greatest  yield  was  in  early  spring  winier  and  for 
December  planting  greatest  yield  was  in  late  spring  (Table  A.9).  During  tbe  second  year 
R-O-Oim  had  tbe  greatest  yield  in  eatiy  spring  when  planted  in  October  and  November 
(Fig.  4.4.  Table  A.10),  but  greatest  yields  were  delayed  to  late  spring  for  December  1997 
planting.  Tbe  R-O-Rg-Crim  clover  yield  was  low  in  1997.  probably  because  of  high 


no 

raiciiU  (Table  4.3).  Redcloverhad  the  grestesi  yield  in  late  spring  and  there  were  do 
difierecoes  to  yield  for  plastiDgs  from  September  to  November  in  either  year  (Tables  A.  1 1 
aiidA.12).  The  December  plantmgs  generally  had  the  lowest  red  clover  yield  during  late 
spring  in  both  years.  Crimson  doverdramaticahydecreascd  yield  from  1200  kg  DM  ha*‘ 
m 1996  to  450  kg  DM  ha  ' in  1997  plastisgs,  wfafle  red  clover  had  about  the  same  yield  in 
both  years  (600  kg  DM  ha  '). 

The  main  contribution  of  the  ryegrass  congroneni  was  to  increase  forage 
production  more  tban  to  enend  the  growing  season,  as  iSusttaied  by  the  R-O-Rg 
treannem.  in  1996  (Fig.  4J).  The  clover  corqxmenl  was  primarily  responsible  for 
extending  the  growing  season  (Figs.  4 J and  4.4).  The  last  harvest  on  mixtures  with 
crimson  and  red  clovers  were  18  May  and  31  May  1 998.  respectively.  Pederson  and  Ball 
(1991).  testing  several  cloves  in  Alabama,  recommended  crimson  clover  as  the  best 
choice  for  early  spring  productiao,  and  red  clover  and  white  clover  for  late-seasoo 
production.  The  R-0  mixture,  ue.,  without  ryegrass  or  dovers,  permined  harvest  not 
later  than  early  April  The  use  ofryegrass<lover  orryegrass-N  has  been  repotted  to 
provide  peaier  forage  producDos  in  the  spring  tban  winter  (Bagley  et  al.  1988). 

Because  in  small  grain-clover  mixtures  spring  forage  production  ts  akoosi 
exclusively  legume,  bloat  risk  is  increased.  Thus,  one  of  tbe  best  comteiations  appears  to 
be  lyegrass-clover-small  grain.  When  growing  smal-grain  species,  an  iitgionani 
management  strategy  is  10  allow  accumulation  of  significaol  forage  mass  before  the  iniiial 
grazing  {Dabyinple.  1984).  When  this  ptmeipje  is  followed,  pastures  wiD  have  more 
uniform  forage  distribution  and  greats  yield  than  when  pastures  are  grazed  too  early  or 


Evm  when  percentage  clover  is  low,  it  may  bave  a greater  iinpaci  on  aoimaJ 
perfonnaoce  than  expected  because  grazmg  ofteo  select  legume  over  grasses 
(Colemao  et  al.  1 989).  In  24  erqieruiKiits  conducted  is  the  USA,  steer  gains  from 
legume-grasstreatmentsBveragedO.Hkg  steer' d*'  more  than  grass-N  treatments,  an 
increase  is  live  weight  of27  to  32  kg  animal  ' tor  a 6- to  7-mo  grazing  season  (Bums  and 
Standaert,  1985).  Thus,  legumes  ofler  potentiaJ  to  ingtrove  forage  quality  and  reduce 
fertihzer  costs. 

Growth  oerinri  hv  pl^nrme  dale  interaction  effects 

Independent  of  planting  date,  early  spring  production  gencally  was  greatest 
(Tables  4.12  and  4.13,  and  Figs.  4.3  and  4.4).  An  exception  was  the  17  Oct.  1996 
planting  when  early  winter  production  was  greatest.  Late  wisier  and  late  spring  periods 
generally  were  next  greatest  in  DM  yield.  Tliere  was  late  fall  forage  production  only  for 
the  19  Sept.  1 996  planting.  In  the  1997  season,  excessive  lainlall  delayed  the  first  harvest 
to  late  winter  for  October  and  November  plantings,  and  to  early  spring  for  the  last  planting 
(Table  4.13  and  Fig.  4.4).  Extending  the  growing  season  by  delaying  planting  dote  is 
demonstrated  through  Decembo  plantings  for  R-O-Rg  and  R-D-Rg-Crim  (congtared  to 
R-0)  in  1996  and  1997,  respectively  (Figs.  4.3  and  4.4).  Elds  (1960)  studied  the  effect 
of  small  grain  planting  date  on  forage  production  and  dislributioo  for  grazing.  A 1 0 
October  planting  made  more  growth  after  early  November  than  did  the  10  September 
planting,  but  the  earlier  planting  had  produced  more  ttian  twice  as  txruch  total  forage  by 
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January.  Is  tbe  presani  study,  ahhougb  greater  total  DM  yield  was  achieved  with  October 
end  Novesibet  plaoasgs  in  both  years,  earlier  planting,  Le.  late  September  to  early 
October,  may  be  done  in  favorable  years,  when  lenfieratures  drop  early  and  soil  moisture 
is  good.  In  this  srtuatioo  some  early  forage  production  may  be  obtained  and  grazing  may 
Sian  during  fall  Soil  moisture  is  the  bey  to  successfully  growing  cool-season  forages  in 
Florida  (Stanley.  1999b),  h along  with  onset  of  cool  tempemnires  are  the  major 
detennmants  of  successful  planliDg  dates. 

In  the  currem  study,  the  19  Sept.  1996  plantingpreseoted  forage  in  late  M.  but 
only  a small  omoimi.  a STtuaCon  that  continued  through  the  winter.  Therefore,  it  could  be 
grazed  throughout  but  only  with  a very  bw  stocking  rate.  October  and  November 
planting  dates  presented  better  overall  forage  distribuaon  ttatougbout  tbe  growing  season. 
The  October  planting  dates  presented  peaks  of  production  in  early  winter  due  to  small 
grains,  and  in  early  spring  due  pranaiily  to  ryegrass  contiibudoo  (Tigs.  4,3  and  4.4).  The 
November  planting  dates  bad  peak  forage  production  in  early  spring  in  1997.  The  yield 
forR-O-Rg  mixture  was  high  by  early  ^ring,  more  than  2700  kg  DM  ha*'  in  1996. 
mdicating  tbe  possibibiy  of  increasmg  stockiog  rate  during  ibis  period. 

Nutritive  Value 

There  was  a planting  dale  by  mixture  interaction  (P  < 0-OS59  and  P<  0.0001)  for 
1996  and  1997  IVOMD,  respectively  (Tables  4.14  and  4.13).  Imeractbn  occurred  in 
1996  because  there  was  no  effea  of  planting  date  on  fVOMD  for  R-O-Rg,  R-OCrim.  and 
but  for  the  other  mixtures  the  September  planting  had  tbe  bwesl  IVOMD 


R-O-Rg-Crim. ' 
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(Table  4. 14).  A major  cause  of  ioieracuon  is  1997  was  that  R-O-Crim  bad  low  IVOMD 
for  the  first  three  planting  dales  but  high  IVOMD  for  the  last  one  (Table  4,15).  Mrxrure 
IVOMDwashigbavera^ng706aDd736gkg''  OM  across  treatments  for  1996  and  1997, 
respectively.  Miictures  inchuling  ryegrass  had  the  highest  overall  IVOMD  for  all  planthig 
dates  is  both  yean,  and  the  greater  proportion  of  ryegrass  in  the  second  year  likely 
contributed  to  trends  toward  greats  IVOMD  in  that  year.  Clearty,  inctuding  ryegrass  b 
the  mixcure  is  an  in^ortam  step  b achieving  high  IVOMD. 

There  was  a mitrure  by  growth  poiod  interaction  (P  < 0.000!)  for  IVOMD  b 
both  years  (Tables  4.16  and  4.17).  There  were  no  differeoces  among  mialaies  b late  fall 
and  earty  winter,  the  R-O-Rg  mixture  preseffled  tngber  digestibility  duibg  late  wmter 
than  mixnires  without  lycgrass  b 1996  fTable  4.16),  however  b the  same  growth  period 
b 1997,  the  mixtures  with  clover  were  superbrio  grass-onJyrmxtures  (Table  4.17). 
Independent  of  mixture.  IVOMD  was  very  high  l!  varied  from  720  to  832  g kg  ' OM 
dunng  tali  and  winter.  Although  IVOMD  decreased  from  late  winter  to  bte  spring,  h 
remained  above  600  g kg  ' OM  durbg  early  sprbg  and  above  540  g kg  ' OM  b late  spmg 
due  to  ryegrass  and  red  dover  conqtonenls.  Thus,  the  presence  of  ryegrass  or  cbver  may 
both  extend  the  grazbg  season  and  improve  late-season  IVOMD  (Figs.  4.3  and  4.4,  and 
Table  4. 18).  Aocordbg  to  Lippke  and  EUis  (1997),  clovtr  and  ryegrass  forage  b 
vegetative  stages  of  growth  usually  have  digestibility  values  greater  than  700  g kg  ' DM, 
approaching  and  sometiines  exceeding  800  g kg*'  DM  b the  frrst  weeks  of  the  growing 
season.  The  decline  b digesribUiiy  b red  cbver  is  associated  with  an  mcreasbg  Kgnb 
coDcensatioD  and  a reductbn  b degradathlily  of  polysaccharides,  other  than  starch 
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Table  4.18.  Avcage  FVOMD  aod  CP  concanratioii  for  botamcal  componecu  ofcool- 
seasan  forage  mbmires  during  five  growth  periods  in  1996  and  1997, 


IVOMD 

Boiaaical 

con^nem 

Growth  period 

late'^ 

early-wim 

a bte-wintet 

early-spring  late-spring 

1996 

733 

671 

623 

1997 

763 

1996 

Cm 

728 

666 

659 

1997 

762 

712 

1996 

Ryegrass 

766 

771 

727 

684 

662 

1997 

843 

760 

678 

1996 

rrnmcnn 

689 

605 

568 

1997 

Clover 

767 

622 

1996 

Red 

774 

74! 

636 

1997 

clover 

804 

729 

720 

Botanical 

Growth  period 

CP 

coQ^ionent 

late-fal 

early-wim 

er  late-winler 

early-s]viDg  late-s^ing 

1996 

Rye 

190 

144 

143 

93 

1997 

116 

127 

1996 

Oat 

208 

1R7 

156 

102 

1997 

108 

131 

1996 

Ryegrass 

223 

175 

144 

107 

121 

1997 

123 

117 

138 

1996 

Crimson 

209 

157 

139 

1997 

ctovcr 

218 

182 

1996 

Red 

236 

220 

191 

1997 

clover 

246 

231 

252 
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(Tajlor  and  Quesoiberry,  1996).  Despite  this  red  clover  IVOMD  was  about  700  g kg ' 
OM  during  spring  (Table  4. 1 S). 

There  was  a planting  date  by  growth  period  interactioa  (P  < 0.0001 ) on  herbage 
IVOMDforboihyears  (Tables  4.19  and  4.20}.  Heibage  IVOMD  decreased  frcmwimer 
to  late  spring.  The  IVOMD  of  eariy-spring  herbage  for  1 996  plantings  increased  as 
planting  was  delayed  (Table  4.19).  There  was  no  planting  date  effect  on  herbage  IVOMD 
for  late-spring  b 1996.  however  IVOMD  of  October  1997  plantings  was  greater  b late 
spring  than  November  and  December  1997  plantings  (Tables  4.1 9 and  4.20),  perhaps  due 
to  greater  clover  contribution  b this  period  (Ftg.  4.4). 

Cnidenroici 

The  planting  date  by  mianire  bteraccion  was  significant  (P  < 0.03)  for  CP  b both 
years  (Tables  4.21  and  4.22).  Forage  CP  was  always  above  126  g kg  ' DM  b 1996  and 
above  98  gkg'*  DMb  1997.  Lowest  values  were  usually  assodaied  with  late  planting 
dates,  and  CP  was  lower  b 1997  than  1996  due  b part  to  high  rainMm  the  second 
year  and  probable  leachbg  losses  ofN  as  well  as  advanced  maturity  at  first  harvest. 

Trends  anamg  mbtiures  were  not  consistent  across  dales  or  years. 

The  growth  period  by  mixture  bteractioD  was  significant  (F  <0.0001}  for  CP  b 
both  years  (Tables  4.23  and  4.24).  The  mixtures  mabtabed  CP  concemraiion  through  fall 
and  winter,  but  after  winter  the  CP  concentration  decreased  dramatically  b 1 996.  Levels 
blate  spring  were  about  130  gkg‘'  DM,  ami  were  that  high  due  to  ryegrass  and  clover 
components  (Figs.  4.3  and  4.4,  Table  4.18).  In  1997,  herbage  CP  Increased  from  wmier 
to  sprbg  b most  mixtures  due  to  advanced  maturity  at  first  harvest,  but  then  remained 
relatively  constant  b late  spring.  Red  clover  was  the  component  with  highest  CP 
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coo[:eimtion(TBUe4.l8).  Tbe  growtli  penod  by  plannsg  dale  mtoicDOD  was  ygmficam 
(P<  0.0001)  for  CP  coDcecliHtiDa  m both  years  (Tables  4.25  aik]4.26).  Generally 
Deeemter  plantings  presemed  lower  CP  conceniratioo  than  earlier  plantings.  Also.  CP 
concentration  was  in^iroved  or  at  least  tnainiained  from  eariy  spring  to  late  spring  due  to 
ryegrass  and  especially  clovers  (Table  4.18).  Tbe  legumes  had  a lowo  rate  of  decrease  in 
nutritive  value  during  spring  coogsared  with  grasses.  Lippke  and  EDis(lP97)  estimated 
CP  concenmiiiQti  of  these  forages  to  range  from  200  to  500  g kg  ' DM. 

Tbe  higher  nutritive  value  of  ryegrass  and  clovers  in  late  spring  1 998  may  be  due 
to  drought.  Peterson  et  al(l992)  found  higher  digestitnliiy  in  plants  due  to  moderate 
moisrore  stress  than  hi  control  hrigated  plants.  In  addition  some  plant  characteristics 
accoum  for  a hi^ier  nuthtive  value  of  stressed  plants,  such  as  higher  lea&stem  ratio  and 
delayed  manuity. 


A 2‘yr  eaperimenl  was  conducted  at  the  Beef  Research  Uml,  Universty  of  Florida, 
Gainesville.  Tbe  objective  was  to  detemmie  tbe  effect  of  planting  date  on  forage  yield, 
forage  distribution,  and  nutritive  value  of  six  cool-season  forage  mixtures.  Four  planting 
dates  at  4-wk  imervals  were  tested  from  Septembei  to  December  of  1996  and  1997.  Tbe 
mixnire  treatments  were  a)  R-0  (rye  cv.  Graze  master,  and  oat  cv.  Ozark),  b)  R-O-Ctim 
(rye.  oat,  and  crimson  clover  cv.  Dixie),  c)  R-O-Red  (rye.  oat.  and  red  clover  cv. 
Cherokee),  and  each  ofthese  treatments  with  ryegrass  cv.  Surrey,  Treatments  were 
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airsDged  as  a splii-ploi  cxpenmeu  is  four  roplioaies  of  a randomized  complete  block 
design  with  plammg  date  as  ibe  mam  plot  and  forage  mixruie  as  the  sub-ploL  Plots  were 
sampled  when  forage  was  25*  to  40<m  tall  using  a sickle-bar  mower  to  cut  to  a 7- to  Id- 
em stubble  beigbl.  Total  forage  yield,  forage  botanical  coiqndnon  and  cotqwneots  of 
yield,  and  total  and  coiqiooait  mitritive  value  were  measured.  To  assess  seasonal 
distribuciosofdiymancr.  harvests  were  grouped  into  Sve  growth  periods  designated  late 
fan.  early  winter,  tae  wimer.  early  spring,  and  late  spring. 

The  R-O-Rg  miitture  was  highest  yielding  in  both  years  and  R-O-Qim  was  equal 
to  R-O-Rg  in  1996.  Ah  mixtures  had  higher  yields  in  1996  than  in  1997  due  to  excessive 
wmterfspring  rams  m the  latter  year,  but  yields  of  mixtures  witb  ryegrass  decreased  less 
during  1997thantbosewithoulTyEgrass.  October  and  November  plantings  resulted  in 
greater  DM  yield  rkun  earlim  or  lata*  plantings  for  most  mixtiires.  but  the  R-O  mixture 
tended  to  have  greatest  yield  when  planted  in  Septemba. 

Small  grain  was  the  most  aq>onam  botanical  con^oem  for  all  inixiures  in  1996 
(dry  late  wimer-earty  spring).  Ryegrass  supplamedsman  grains  in  1997  (wet  winter). 
Clover  was  quantitatively  inqrortain  and  had  a greater  contiibulion  in  mixtuTes  without 
ryegrass.  Crimson  clover  represented  a greater  proportion  of  the  DM  yield  in  (he  driest 
year  and  red  clover  in  the  wet  year. 

Only  when  planting  occurred  in  September  was  there  a harvest  during  the  laie  Ml 
(before  21  December)  growtb  period.  Ftrsi  harvest  was  delayed  as  planiiog  dale  was 
postponed.  FaD  and  winter  forage  production  from  rye-oat  was  greater  than  from 
ryegrass  whereas  spring  forage  production  was  greater  for  ryegrass  and  clovers.  The  R-0 
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muoure  encDded  DM  productios  through  no  later  Ihao  esriy  spring  (21  March  to  8 May). 
Minures  inchidiDg  clover  tended  to  produce  signiScam  forage  after  8 May  (late  spring), 
and  clovers  were  primarily  responsible  for  extending  DM  yield.  The  greatest  dove  yield 
in  late  spring  was  achieved  either  by  delaying  planting  of  mixtures  with  crimson  days'  or 
by  using  red  clovs  in  mixtures.  Delaying  until  Decembs  to  plant  was  too  long  as 
mixtures  from  this  date  had  lowest  clovs  yield  during  late  spring  in  both  ^ars.  Adding 
ryegrass  to  the  R-0  mixture  extended  the  grazing  season,  but  in  mixtures  including  clover, 
the  mam  contribution  ofryegrasswas  to  inmease  forage  produccon  more  than  to  exlmd 
tbeseasonofgrowlh.  The  clover  componem  was  primarily  lesponsible  for  extending  tbe 
growth  season,  with  crimson  clover  extending  production  to  mid-May  and  red  cbvm 
throughout  May. 

Herbage  IVOMD  was  high  averaglog  more  than  700  g kg''  OM  across  treatments. 
The  rVOMD  decreased  from  Ine  whner  to  late  spring  harvests.  MixTures  hiduding 
ryegrass  had  the  highest  overall  IVOMD  for  all  planting  dates  in  both  years,  therefore 
hiduding  ryegrass  in  the  nhxtures  was  an  hnporiam  step  in  actneviog  tu^  IVOMD.  The 
IVOMD  of  spring  herbage  from  October  plantings  was  oftm  the  greatest  or  nearly  the 
greatest  in  IVOMD. 

December  plantings  generally  had  lowest  herbage  CP  concentration.  The  mixtures 
maimainedhi^CP  concentration  (>160  gkg''  DM)  during  fall  and  winter.  Despite  the 
CP  concentration  declining  to  about  130  gkg''  DM  dming  late  qrring.  it  remained  at  this 
level  primarily  due  to  ryegrass  and  clover  componems. 

Cool-season  annual  grasses  wilb  dovera  will  likely  be  an  in^rlanl  component  of 
economical  year-round  forage  systems  for  grazing  by  dairy  cows  in  Florida.  Forage 


; icqiroved  growicg  these  ^>edes  is 


systems  based  on  warm-season  perennial  grasses.  Legumes  in  mixed  pastures  may  reduce 
N fertilizer  because  through  grazmg,  nutrients  from  fiKes  and  urine  are  distributed  and 
recycled  to  produce  more  forage,  potentially  reducing  environmental  impact.  The 
combinatioaofplantingdzte  and  especially  choice  ofsppropriateiminures  of  small  grains, 
tyegrass.  and  clovers  may  allow  production  of  forage  for  grazing  from  late-Decettdrer/ 
early  January  to  May  (S  mo),  a period  in  which  perennial  warm-season  grasses  lack  both 
the  production  and  nutritive  value  necessary  for  lactatiDg  dairy  cows. 


CHAPTERS 

DAIRY  COW  PERFORMANCE  ON  PASTURE-BASED  FEEDING  SYSTEMS  AND 
IN  CONFINEMENT 


Introducnon 

MiDc  productioa  bas«d  oo  imeanvdy  managed  pasture  is  a &si  growing 
production  system  in  the  USA  and  Ireiasd.  and  has  been  impartant  in  New  Zealand  for 
masy  years  (Hanson  a aL.  1998b).  Tbe  key  concept  is  substitunDg  tbe  cow  for  expensive 
machinery  in  tbe  harvest  of  forages.  These  authors  proposed  that  lower  production  costs 
are  tbe  ptimaty  economic  benefit  of  intensive  grazmg  coiqiared  to  traditional  systems 
based  on  mechanized  harvesting  and  forage  conservation.  Imerest  in  grazmg  systems  is 
growing  among  &nners  in  all  parts  of  the  USA  as  a Tneanv  of  mcreasing  profits  (Bertrand, 
1998).  Staples  et  al  (1994)  list  several  reasons  for  greater  imerest  hr  grazing  including:  a) 
lower  expenses  for  feed,  equipment,  and  buddings  potentially  leading  to  greater  income 
per  cow;  b)  reported  improvements  in  animal  health  and  reproduclioD  (less  culling);  c) 
growing  pressure  from  regulatory  agencies  and  etrvirotunenlal  intffesls  to  reduce  a 
centralized  accumulation  of  cattle  wastes;  and  d)  mqiroved  quality  of  hie  for  managers 
(less  stress,  more  leisure  time). 

Grazing  lacrating  dairy  cows  on  posture  is  not  a new  feeding  method.  This 
approach  was  advocated,  abandoned,  and  now  is  being  advanced  again  as  an  ahenuitrve 
feeding  system,  particularly  in  tbe  nonbeastem  USA.  After  World  War  n.  many  dairy 
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farmen  in  ibe  USA  moved  awey  from  grasng  as  a primary  source  of  nutriems  for  cattle  to 
feeding  systems  supported  by  inexpensive  energy  liieb  and  advances  in 
mechanization,  feitiliaers,  and  pesticides  (Bemand,  I99S). 

lnahisloricalreview.HaitsonetaL{199Sa)detailedthesechaages.  Bytbelaie- 
1 940s,  fanners  began  to  significantly  inaease  their  application  of  manufactured  mpuls. 
paiticulniiy  purchased  fertilizers,  hertacides,  and  hytaid  com  (Zeo  mays  U)  seed 
Between  Ibelale-I940s  and  1990s.  fanners  achieved  more  than  a two-fbld  increase  in 
yield  of  row  crops  such  as  com  and  soybean  (G/ycine  max  [L.]  Men.),  mainly  due  to  new 
cuhivars  and  use  of  purchased  inputs.  Advancesassociated  with  feeding  teclmobgy 


context,  the  pasture  was  viewed  as  a low-yield  source  of  supplemental  for^e  or  as  an 
exerciselot.  Muller andHolden(l994)describcdtbesechangesbthePenns}fvaiiia daily 
industry  where  (he  avenge  number  of  cow  days  on  pasture  decreased  from  170  in  the 
early  1 950s  to  64  in  1990.  However,  during  the  19S0s.  the  tncreasiiig  perception  of 
negative  effects  of  dairy  cows  wastes  on  the  environmeot  (Russele  et  aL,  1997),  ristog 
costs  of  machinery  and  housing,  and  reduced  pmfit  margm  (Parker  et  aL.  1992)  began  to 
mahe  pasture  systems  more  attractive. 

The  system  that  bos  evolved  in  many  areas  of  the  USA  during  the  1 980$  and  1 990s 

forage  coming  from  grazed  pasture.  In  contrast,  the  New  Zealand  system  is  centered 

grain  in  the  ration,  ie.,  low  production  costs  that  pennh  a globally  congxtitive  milk  price 
(Holmes  and  Wilson,  1987).  The  cosl  of  productog  milk  in  the  USA  and  Canada  are 
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300%  orthosebiNtw  Zealand.  A reason  for  that  is  the  New  Zealand  climnewfaicb 
allows  grass  to  grow  and  be  grazed  12  mooflbe  year(Muipby,  1993}. 

In  additioo  to  lower  production  costs,  another  beneCil  of  a pasture-based  dairy 
system  is  the  potential  reduction  of  soil  ero»n:  this  has  been  calculated  to  be  80  to  90% 
less  with  pasture  than  with  production  of  oats  (Avena  satmx  L),  corn  silage,  or  corn  gram 
(USDA,  1989).  Tbe  use  of  fertilizer  and  otber  inputs  increase  as  animal  stocking  rates 
increase,  however,  poorly  managed  pasture  can  cause  soil  erosion  and  loss  of  nutrients  to 
the  envtronment  (Owens  et  ah,  1 983). 

Most  Florida  dairy  iiuins  have  large  herds  (average  of 600  cows)  that  traditionally 
have  occuped  relatively  small  land  areas  per  farm.  Typically  these  Fsrms  produce  little  of 
their  own  feed,  rely  heavily  on  concentrate  feeds  and  byproduct  fiber  sources,  and  have 
limited  or  no  use  of  grazed  pasture  by  tbe  lactating  herd.  Despite  inheretrtty  high  feed 
costs,  this  system  has  been  profitable  dne  to  relatively  high  and  stable  milk  prices.  In 
recent  years,  increasiog  production  costs  and  more  widely  fluctuating  milk  jeices  have 
stirmilaled  some  interest  in  ahemative  production  systems  oflower  costs  and  greater 
emifoasis  on  home-grown  forage  as  a feed  source.  Additionally,  sute  regulations  require 
that  nutrients  in  animal  wastes  be  used  for  crop  production  on  form,  makisg  forage 
production  more  artiactrve.  toleasive  grazing  of  pastures  by  dairy  cows  may  be  an 
economically  vi^rle  ahemative  to  coaventiorral  systems  of  confined  housmg  of  cows  and 
feeding  of  preserved  forages.  Use  of  pasture-based  dairy  systems  is  chaflenging  in  Florida, 
however,  because  of  varying  nucritrve  value  of  forage  throughout  the  year,  heat  stress,  and 
the  difficuhy  in  formulatizig  balanced  rations  due  to  proNems  ofquantUymg  forage  intake 
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Most  reseaich  done  wiib  psstme-based  systems  has  been  shotl  term  to  lunire. 
Longer.  fuU-lacutiaa  compajisans  of  pasture  and  confinemem  systems  are  needed.  In 
addiDoo,  previous  Flniida  snidies  (FikeetaL,  1997a,b)  have  shown  large  declines  in  milk 
production  of  mid-baation  cows  moved  horn  confinement  housing  to  summer  pasrures. 
These  data  suggest  that  there  may  be  advantages  to  fresheomg  cows  in  bD  and  early 
wmter.  a^gigning  them  to  high  quality  cool-season  pasture  for  the  first  tour  months  or 
more  of  their  lactation,  and  matching  periods  of  peak  production  and  cool  tenq>eratures. 
This  experiment  was  conducted  to  compare  pasture-based  and  confinement  systems  for 
bctating  dairy  cows  over  a period  from  January  to  October  1998.  Objectives  were:  1)  to 
compare  milk  [roduction  and  composition  from  pasture-based  systems  fbr  bctating  dairy 
cows  with  those  of  conventional  confinemem  housing  system,  and  2)  to  compare  feeding 
costs  per  unit  of  milk  produced  for  the  two  pasture  systems  and  a conventional 


The  expetimem  was  performed  at  the  Univeisity  of  Florida  Dairy  Reseaich  Uiih 
(DRU)  in  Hague,  whichblocaiedabout  20  km  north  of  Gainesville,  Florida  (30°N 
bmudeand  82.5*W  longinide).  Soils  are  a coi^iosite  of  four  fine  sands  belonging  to  the 
Fort  Meade  Series  (bypertbenmc,  Quartzgisainmeimc  Haplumbrepts).  the  Tavares  Series 
(bypenhennic,  uncoaied.  Typic  QuanzipsaniioemsI.  the  Ch^ley  Series  (tbennic.  coated, 
Aquic  Quartz^sammems),  and  the  Monteocba  Series  (bypertbennlc.  uhic  Haplsquods), 


(USDA.I9gS).  In  generaL  the  soils  oftbe  DRU  are  ofmedhun  to  high  fertility  and' 
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from  modmlely  weD  drained  lo  very  poorly  dnuBed.  So3  lesi  analyses  for  1 998  showed  a 
pH  ofS.7,  andMeblicbl  enractable  P ofl  16  gkg‘,  Kof40gkg',  Mg  of  46  g kg',  and 
Ca  of  400  g kg'. 

Procedures 

Hie  three  treetmems  were  two  pasture  systems  and  a traditioiial  free- stall  bousing 
management.  Pasture  System  1 was  designed  to  utDize  the  highest  quaiiiy  annual  forages 
for  grazing  that  are  available  in  the  region.  Pasture  System  2 was  intended  to  re&eci  less 

grasses  for  the  cool  season.  Both  pasture  systems  were  replicated  four  tnoes  in  a 
randomized  block  design.  PasturesizeforeacbexperiiDeiitalunhwBs  1.2hawilh0.3ha 
ofthis  area  being  grazed  during  winter-spring  and  0.4  ha  being  grazed  during  summer-foil. 
Three  muhiparDus  Uolswin  cows  were  assigned  lo  each  pasture  system  for  a base  siockiog 
rate  of  3.75  cows  per  beccare  during  wimer  and  7.5  cows  per  hectare  during  summa,  and 
a total  of  12  cows  perpasture  system.  Sixteen  cows  were  assigned  to  serve  as  controls  m 
the  free-siall  fociiity,  for  a total  of  40  cows  in  the  experiment. 

System  I was  based  on  a mixture  of  'Grazemaster'  rye  (SKale  certale  L.), 

'Surrey'  annual  ryegrass  (Lolium  muMflorum  Lam.).  'Flame'  crimson  clover  {Trifolium 
incanatwn  L),  'Cherokee'  red  clover  {Trifolium  praiense  L.)  during  the  wimer-spriig 
season  and  Tiileaf  2’ pearl  tnillei  (T’enniretun  g/micum  [L.]  KBr.)  durisig  the  summer- 
foil  season.  System  2 utilized  rye-ryegrass  mixtures  (no  clover)  during  wmtet-spnng  and 
Tiflon  85'  berrmidagrass  (Cynotion  spp.)  during  summer-falL  Concurreotly,  Holstein 
cows  managed  in  free-stall  housing  at  the  universtty  form  comprised  System  3. 
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Tbe  Caol-SOSOQ  amiuaJ  forages  were  planted  ds  23  lo24  0cL  1997.  by  sod- 
seeding  one  replicate  gvct  barnudagrass  and  three  rephcates  ova  ‘Florigraze'  rbizoma 
peanut  (dracbcr  glabraia  Benih.)  pastures  without  use  of  bertncide.  The  seeding  rates 
for  the  System  1 were  63  kg  ha  ' Ibr  rye,  1 1 .4  kg  ha  ' for  ryegrass,  1 0 kg  ha  ' for  crimson 
clover,  and  6 kg  ha  ' for  ted  clover.  The  clovers  were  inoculated  with  Khiiobium  trifotti. 
The  seeding  rates  for  the  System  were  9 1 kg  ha  ' for  rye  and  1 7 kg  ha  ' for  ryegrass. 
Inigatioo  was  used  as  needed  to  ensure  good  stand  establishroem.  Cows  were  assigned  at 
calving  to  treatments  in  January  and  Fetnuary,  1998,  Initiation  of  the  study  at  this  time 
comlmed  cool  weather  and  forages  ofbighesi  quality  with  the  early  postparrumpenod. 
that  time  oftbe  lactation  cycle  when  demand  for  energy  is  greatest. 

Wimer  pastures  were  stocked  at  3.7S  cows  per  hectare  during  the  majority  of  the 
season  basedODpresious  work  byMacoonet  aL  (1997).  Because  of Ihnitstions  on 
availability  of  fresh  cows,  grazing  was  initialed  at  a stocking  rate  of  2.S  cows  per  hectare. 
As  cows  calved  and  Ibrage  production  increased,  the  siockmg  rate  was  increased  to  3.7$ 
cows  per  hectare  in  late  January.  Cows  on  both  pasture  systems  were  moved  to  a new 
paddock  daily  and  the  rest  peiiod  between  grazings  for  a given  paddock  was  28  d. 

For  each  replicate  of  System  1.  pearl  millet  was  seeded  on  20  May  at  2S  kg  ha'. 
Before  planting  the  area  was  sprayed  using  $.0  L ha''  of  Roundup®  Monsanto  Co.,  St. 
Louis.  MO;  Clyphosale,  N-pbospbonomethyl  glycine  in  the  form  of  its  isopropylamme 
sab.  l%)toldUbemudagrass(Cy'noifondaay(an[L.]Pers.).  Selection ofTiSeaf2was 
based  upon  2 yr  of  experimoits  (1996  and  1 997)  that  compared  a groiq)  of  pearl  millet 
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and  sorgbum-sudangraas  cuhivars  under  fluent  defoliatioi  (Giapier  3).  bngatioD  was 
used  as  needed  and  gnzmg  was  begun  on  1 6 June  when  pearl  millet  reached  a bei^  of 
40  cm.  For  System  2.  well-eslabli^ied  stands  of  tbe  summer  perennial  Tifion  gS 
bennudagrass  were  available  for  grazing  when  growth  began  in  late  spring.  Cows 
transhioiied  from  winter  to  summer  pasnires  in  early  June  and  grazed  summer  pastures 
until  early  October.  The  stockmg  lateofT.S  cows  ha  ' was  chosen  Ibr  summer  pastures  is 
based  os  data  fromFikeet  ah  (1997)  and  SoHenbergeret  ah(199S).  Target  stubble 
heiglus  for  bennudagrass  aod  pearl  millet  were  20  and  I S cm,  respectivdy.  Cows  in  both 
systems  were  moved  to  a new  paddock  daily  and  the  rest  period  between  grazinga  was  21 


Pasture  fertilizstion  was  guided  by  soil  tests,  previous  cspertence  at  this  location, 
and  need  for  forage.  Fertilimlion  rates  aial dale  are  summarized  in  Table  S.l.  Thetotal 
amoum  applied  in  each  system  was  280-17-99  kg  ha  ' of  N-P-K,  respectively,  on  system  I 
(rye-ryegrass-cloversipearl  tmllet)  and  360-17-99  on  System  2 (rye-ryegrass/ 
bennudagrass).  In  additioD  two  enrn  appUcaiions  of  40  kg  N ba ' were  made  for  System 
2 in  late  spring  and  in  late  summer.  Although  System  1 inchided  clover,  previous 
experience  has  shown  that  early-season  growth  ofrye  and  ryegrass  planted  in  association 
with  clover  slow  if  no  N fertilizer  is  epplied. 


: and  dates  of  applicatioD  on  pasture  systems. 


System  1 System  2 

Date  Rye-ryegrass-cbvera'  Rye-ryegrass/ 

pearl  millet  bermudagrass 


12  Nov. 
19  Dec. 
10  Feb. 

14 

10  June 
9Julyt 

13  Aug. 
10  Sep. 

Total 


N P K N P K 


40 


40 

40 


40 

40 

40 


280 


kgha' 

40 

33  40  - 33 

40 
40 
40 

17  66  40  17  66 

40 
40 
40 

17  99  350  17  99 


t N source  was  ammoDium  nitrate  on  all  dates  but  9 July  when  ammoDium  sulphate  was 


A total  of  40  mult^arous  Holsieio  cows  were  assigned  raodomly  at  calving  to  the 
three  treatments  during  about  a 30~d  period;  24  cows  were  assigned  to  the  two  pasture 
sysiemsand  16cowsassigned to  serveascomrolsittbefree-sian&dlity.  Waierwas 
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availatde  id  ad  libitum  amnimi^:  m the  paddocks.  Cows  aod  wato*  troughs  were  moved  to 
a &esb  paddock  after  the  momiDg  miDdug.  Ponable  shades  were  provided  in  (he  summer. 

Suf^emeni  was  fol  at  a rate  of  1 kg  as-fol  per  2.S  kg  of  milk  produced  during 
winter  and  I kg  as-fed  per  2 kg  of  irritk  produced  in  summer.  Suppletnem  was  fed  in  each 
paddock  to  the  2 cows  as  a group.  Amount  fed  were  adjusted  twice  weekly. 
Representative  samples  of  supplemenls  were  coHeced  weekly,  composhed  monthly,  and 
analyzed  chemicany  by  Forage  One  (Ithaca,  NY).  Average  cbetmcal  coitqsosibon  of  the 
ccncectraie  supplements  and  tmueial  coiqsosition  of  heibage  ait  summarized  in  Tables 
5.2  and  S.3,  respectively.  During  those  weeks  in  late  spring  (from  26  May  to  16  June) 
when  winter  forages  were  dimmishing  and  summer  forages  were  not  ready  to  graze,  cows 
were  fed  a cottonseed  hub-based  rarion  so  ensure  that  dry  maner  intake  was  not  limiting 
(18  kg  cow'd'  as-fed)  and  to  manage  body  condition.  This  procedure  was  repeated  for 
Sysiem  1 (pearl  miUet)  from  6 September,  on  two  repNcaies,  and  from  1 8 September,  on 
an  four  replicates,  to  the  end  of  the  eaperimem  (7  Oct.  1998).  During  this  peiod  the 
amount  fed  was  16.4  kg  (as-fed)  cow' d '.  From  19Fetaniaiylo  19  March,  cows  on  one 
replicste  of  both  systems  were  fed  com  silage  (9  kg  of  silage  as-fed  cow''  d'* ) because 
eacessive  soil  moisture  on  that  replicate  resuhed  in  poor  rye  growth  and  low  herbage 
mass.  Also  com  silage  (II  kg  of  sijage  as-fed  cow  ' d'')was  fed  from  28  April  to  18  May 
to  cows  of  rephcadon  m of  System  2 (Rye-ryegrass)  due  to  a shortage  of  forage  in  that 


specific  field. 
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Table  5 Average  chemical  coo^sitioD  od  DM-baas  of TMR  (total  mixed  tatioa)  and 
conceoime  suppletceol  %r  confined  bouamg  and  grazing  cows. 


(Tongmaeul 

TMR 

SE 

Sysiemsf 

SE 

shot} 

EE 

NDF,  %ofDM 

44,9 

3.71 

36.4 

1.81 

45.6 

0.42 

ADF,  % of  DM 

30,0 

3.26 

24.7 

2.04 

36.4 

127 

Fat,  % ofDM 

5.8 

0.44 

7.3 

0.35 

6.35 

0.07 

NEL,  Meal  kg  ' of  DM 

1.4 

0.03 

1.8 

0,05 

1.7 

0.00 

CP,  % OfDM 

16.3 

0.85 

17,5 

0.67 

17.5 

0,99 

UIP,  % ofDM 

5.7 

0.30 

6.1 

0.23 

6.15 

0.35 

DIP,  % ofDM 

10.6 

0.56 

II.4 

0.43 

11.35 

0.64 

SoLCP.  %ofDM 

5.7 

0.30 

6.1 

0.23 

6.15 

0.35 

Ca,  %ofDM 

1.03 

0.12 

1-13 

0.13 

0.77 

0.11 

P,  % OfDM 

0.47 

0.05 

0.64 

0-06 

0.44 

0.00 

K.%ofDM 

1.54 

0.12 

1.25 

0.08 

1.24 

0.05 

Mg,  % OfDM 

0.32 

0-02 

0.52 

0.05 

0.34 

0.01 

Na,  % OfDM 

0.39 

0-05 

0.86 

0.07 

0.58 

0-12 

S,%ofDM 

0.18 

0.05 

0.18 

0.01 

a,  % ofDM 

0.54 

0.12 

0.42 

0.06 

0.34 

0.00 

Md.  mg  kg*'  ofDM 

70 

12.8 

59 

10.4 

40 

3.53 

Fe,  mg  kg*'  ofDM 

344 

100 

403 

62 

290 

17,8 

Cu.  mgkg*'  ofDM 

25 

7.2 

20 

6.2 

14 

7.8 

Zn.  mg  kg*'  ofDM 

80 

14,4 

no 

12.4 

I. 

13.4 

^Average  from  January  to  September 
j:Avoage  of  wider  and  summer 
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Table  5.3.  Average  herbage  outntrve  value  and  mmeral  con^srlicm  ofhasdphicked 
samples,  wiihm  seflsnrK,  on  pasnire  systems  for  grazmg. 


Mmeral 

Rye-ryegrass 
Jan.  10  Mar 

Apr.  to  May 

Pearl  nnllel 

Bermuda 

IVOMD,  gkg  'OM 

787 

703 

681 

652 

CP,  g kg  ' DM 

268 

221 

223 

190 

NDF,  g kg  ' DM 

441 

516 

586 

726 

Calcium.  % of  DM 

0.61 

0.84 

0.61 

0.41 

Pho^onis.  % of  DM 

0.54 

0.41 

0.63 

0.36 

Poiassfum.  % of  DM 

2.97 

2.11 

2.44 

1.85 

Magnesium.  % of  DM 

0J3 

0.28 

0.40 

0.22 

Sodium.  % ofDM 

0.024 

0.064 

0.011 

0.024 

Sulfur.  of  DM 

0.26 

0.22 

0.29 

0.31 

Qiloniie.  % of  DM 

0.92 

0J7 

0.80 

OJO 

Manganese,  mg  kg  ' DM 

54 

45 

62 

50 

Iron,  mg  kg  ' DM 

66 

59 

84 

82 

Cooper,  mg  kg  ' DM 

4 

4 

10 

6 

Zinc,  mg  kg  ' DM 

40 

43 

44 

35 

Molybdenum,  mg  kg*'  DM 

1.8 

1.9 

2.1 

<1.0 
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Pastttft  Sampling 

Every  3 wk  throughout  the  expehmem  whoi  pasture  was  availabk,  pasture 
samples  were  taken  before  and  after  grazmg  at  m,  0.5-m^shesthal  represented  average 
paddock  herbage  mass.  For  winter  species  and  benmidagrass.  the  plants  were  clipped  to  a 
2.S-cm  stubble  height,  whereas  peal  millet  was  clipped  to  a 10-cm  stubble  beigbl.  A total 
ofI2saaplisg  date  were  used,  seven  during  wtcta/spring  and  five  during  summer/ftdL 
Herbage  allowaiice  calculaQons  were  based  on  total  pregraze  herbage  mass.  At  the  tune 
of  ^cgraze  saiigiling,  hand-plucked  san^les  were  taken  by  severing  herbage  at  the 
estimated  height  of  the  residual  forage  left  by  cows  on  the  paddock  grazed  1 d before  the 
sampling  date.  Herbage  was  collected  at  20  to  30  locaiioos  per  paddock.  coiQKisiied.  and 
used  to  determine  crude  protein  (CP),  in  vitro  organic  matter  digestibQity  (TVOMD),  and 
neuuaJ  detergent  fiber  (NDF).  An  ariditinnal  hand-plucked  sangtle  was  taken  twice  in 
winter  fiom  each  paddock  to  determiDe  botanical  composiboa  The  congranents  were 
separated  into  lye,  ryegrass,  clovers,  and  weeds.  Hatid-phicked  samples  and  forage  ^ede 
congxments  woo  dned  at  65X  and  ground  to  pass  a I -mm  smeen  using  a Wiley  mUL 
Samples  were  digested  for  N detcminatioiis  using  a modification  of  the  ahimmnm  Uock 
digestioDprocedureofCallaher  et  aL  (1975).  Ammonia  in  the  digestate  was  determined 
by  semi-autotnated  colorimetry  (Hambleton.  1977).  and  CP  (DM  bests)  was  calculated  as 
N X 6.25.  In  vitro  organic  matter  digestion  was  perfbnned  by  a modification  of  the  two- 
stage  technique  (Moore  and  Mott.  1974).  Neutral  detergent  fiber  was  determined  using 
the  procedure  of  Golding  et  ah  (1985).  Laboratory  analyses  were  conducted  in  the  Forage 
Evaluation  Support  Laboratory  of  the  University  of  Florida. 


Insecticide 

On  31  Aug.  1998,  ftSarmy«iOTm{^odopleraftupperda  [J.E.  Sadlh])  were 
controlled  using  an  insecticide  solution  with  2.38  Lha  ' ofSevin®,  4IH(Rhone-Poulenc). 
Tlie  compound  (l-na;Alli)i-N-ioetb)d  cailHinate)  is  a reversible  choimesierase  mhMor, 
and  was  chosen  because  it  is  safe  to  mammalc  and  has  an  acute  oral  LD  SO  greaiet  than 
SOOmgkg  ' body  weight  (Tetriue,  1982). 


Milk  production  was  measured  at  each  of  two  milkings  and  milk  composition  (two 
consecutive  niilkiDgs  collected  weekly).  Milk  samples  of  consecutive  monmig  and 
evening  Tnilkings  were  taken  weekly  during  the  tirst  19  wk  of  tbe  eaperimenl  andlaweekJy 
thereafter.  Milk  samples  were  analyzed  for  lai,  protein,  urea  nitrogen,  and  somatic  cell 
count  at  the  Southeastern  Dairy  Herd  Improvement  Labomiory  in  McDonough.  GA. 

Cows  were  weighed  and  body  condition  scored  weekly  after  momiag  mQkmg. . 

Feed  imake  ofindividiial  cows  m free  stalls  was  measured  dally  u^g  Che  Cjlan 
gate  system  (American  Calan  Inc.).  Voluntary  forage  mcake  by  cows  on  pasture  was 
measured  onceduringwmter  (average  of  81  din  milk)  aDdonceduriDgsummer(178dio 
milk)  using  a pulse  dose  technique  (Food  el  al,  1987;  Fond  et  aL,I989a.b)witb 
chrotmutn-monJaaied  fiber  as  an  men  mariter  to  detennine  fecal  output.  Forage  of  quality 
similar  to  that  consumed  was  collected  across  aH  pastures  and  coit^tited  Forages  were 
dried  at  63°C  and  giound  to  pass  a 2-mm  screen  using  a Whey  min.  Fiber  from  the  forage 
was  mordanted  using  tbe  metbodology  of  Uden  et  aL  (1980).  The  ground  forage  (~'700g) 
was  wetted  with  water  (I  LofH]Oper  lOOg  of  forage)  phis  50  ml  ofhquid  laimdiy 
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detergem.  After  bofling  for  2 h,  the  forage  was  washed  repeatedly  with  tap  water  to 
remove  all  soap,  rinsed  with  acetone,  dried  at  10S°C.  and  weighed.  The  dried  forage  was 
placed  m a metal  container,  and  sodhim  dichromate,  dissolved  in  four  vohtmes 
fapproxmately  4 L)  of  water,  was  added  to  the  forage.  Additioa  of  Cr  (as  sodium 
dichromate)  equaled  7%oftbefiberDM.  This  slurry  was  sealed  with  alumimim  foil  and 
healed  in  a forced-air  drying  oven  at  105*Cfor24h.  The  Ikpikl  was  then  poured  off  and 
the  fiber  was  gendy  rinsed  with  tap  water  to  remove  excess  and  unbound  Cr.  Ascoitic 
acid  (Aldrichs,  Milwaukee.  WI)  at  half  the  weight  of  dry  fiber  was  mixed  whh  water, 
added  to  the  fiber,  and  allowed  to  stand  for  1 to  1 .5  h.  The  fiber  was  rinsed  throughly 
with  tap  water  and  dried  at  1 0S°C.  Two  and  one-half  ± O.OI  grams  (as-is)  of  mordaoled 
fiber  were  weighed  into  2g-g  gelatin  capsules  (Jorgenson  Laboratories.  Loveland.  CO). 

The  cows  were  orally  pulse-dosed  whh  twelve  gelatin  capsules  containing  Cr- 
mordamed  fiber  (30  g.  as-fed)  from  their  respective  forage  assignments.  Capsules  were 
administered  with  a multiple  dose  baffing  gun  (Nasco,  Ft.  Atkinsoti.  WI)  at  about  1 8 h. 
after  the  evening  milldng.  Samples  of  fecos  were  coDetied  at  approximately  0, 1 2. 1 S.  1 8. 
21.  24.27,  36,42,  43.  60, 72  and  84  h po9-dasiog.  Most  sangrles  were  collected  in 
bolding  pens  at  the  milkmg  parlor.  Samples  were  collected  on  pasture  for  hours  IS,  18, 
21. 27 and  42.  Fecal  sangries  were  refiigerated  inmiediaiely  after  collection.  AIlfiKal 
samples  were  dried  at  6S°C  for  at  least  48  b and  ground  through  a l-mm  screen  with  a 
WHeymilL  Sangiles  (2  g.  as-is)  were  dried  at  10S°C  and  ashed  at  5S0°C  for  determination 
ofDM  and  OM  (AOAC.  1990).  Ash  was  digested  in  a soludoo  of  HiFO.-MnSa  (30  ml 
of  10%.  w/v.  MnSO.  4 HjO  + 970  ml  of  85%  H,Pa  and  KBiOj  solution  [90  g per  2 L 


distilled  HiO]  using  hem  on  a hot  plate  till  no  longer  effervescent  (no  bubbles).  When  the 
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solution  became  purple  it  was  poured  oft  into  avohunetric&a^witb  625  ml  CaQi  (14.69 
g CaCU  2 H:0)  per  liter  of  distiUed  HiO  and  analyzed  for  Ci  atomic  absocptioo 
spectrophotometry  (Ferfcm  Elmer,  Model  Locaaon;  Wilhaiiis  et  al.  1962). 

Each  cow’s  chromhus  excredon  curve  was  analyzed  using  PROC  NUN  following 
the  method  described  by  Pond  et  al  (1987;  Table  A.  1 3 and  Figure  A.I).  To  calculate  the 
intake  of  herbage,  ibe  following  assun^rions  were  made:  miake  of  supplemoit  was  tbe 
same  for  all  cows  wnhin  a paddock,  digestibilily  of  supplement  was  equivalent  to  its 
calculated  TDN  values  based  on  tbe  NRC  (1989),  and  digestilnlity  of  forage  was  affected 
by  amount  of  supplement  intake,  asdetennitiedbytbe  equanou  of  Moore  and  Kunkle 
(personal  communication).  The  measure  of  forage  IVOMD  for  each  paddock  was  used  to 
calculateforageintakebycowsgiazing  that  paddock.  Fecal  output  (kg  d'’)  should  equal 
total  intake  (kg  d ‘)  multiplied  by  the  indigestible  fracdon  of  a feed.  However,  fecal 
output  observed  based  on  ibe  mordanted  fiber  method  was  not  equal  to  tbe  fecal  output 
predicted  based  on  forage  and  supplement  digesdbOitKs.  Total  dietary  DM  digestibility 
may  be  higher  or  lower  than  expected  depending  upon  tbe  effocts  of  protein  or  grain 
supplements  upon  forage  digesnidhy  (Moore  and  SoUenberger.  1997;  ]%(on  and 
Stockdale,  1999).  Calculadonsoftotal  dietary  DM  digesdUlitywere  adjusted  for  these 
associadve  effects  by  appropriate  equations  (Moore  et  aL.  1997;  Table  A.  14).  Thus,  a 
program  neaied  by  Moore  and  Kunkle  (personal  communtcation)  was  en^loyed  to  adjust 
the  forage  intake  until  tbe  difference  between  fecal  output  observed  and  predicted  differed 
by  less  than  D-D  I kg 

Solid  corrected  milk  (SCM)  was  calculated  using  a formula  derived  from  Tyrell 
and  Reid  (1965).  Sobd  corrected  milk  is  calculated  to  place  nuTk  of  varying  conqrosrtion 
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on  an  equal  basis  with  respect  lo  energy  comem.  Milk  yield,  milk  fat  yield  and  protein 
yield  are  utilized  in  ibe  fonnula. 

SCM  3.5%  (sobds  corrected  milk)  = (12.82  a bt  yield)  + (7.13  xproteta  yield  + 
0.323)  a milk  yield 

Economic  Analysis 

Feed  costs  and  income  from  milk  were  calculated  for  the  two  Forage  systems  and 
the  confined  housing  system.  Calculation  of  feed  costs  mcluded  establishment  and 
mainieiiaiiceorpastures(TablesA.lS  and  A.  1 6),  costsof  feedstufis(Table  A.17).  costs  of 
total  miaedt8tioo(TMR.T3ble  A.  1 8)  for  bant  cows,  coocenttate  supplement  for  grazing 
cows  (Tables  A.  19  and  A.20),  one-shot  concentrate  supplement  for  gramg  cows  (Table 
A.21),  total  mfion  costs  for  three  systems  (Table  A.22).  costs  of  herbage  (Table  A.23) 
and  amount  and  eateni  of  uiibzadoD  of  concentrate  supplements  fod  per  cow  (Table 
A.24). 

S'.Ktfic.l  4n.lv^« 

The  experimental  design  was  a randomized  complete  Uodt  with  four  repbcations. 
Data  were  analyzed  using  SAS  procedures  for  repeated  measures  (LinelleiaL,  1996; 
Linen  etal,  1998;  SAS.  1989). 

The  standard  model  for  repeated  measures  experixnem  of  animal  and  plam 
response  variables  was 

yj  = p + ai  + di-rtj-r  (irT)g  + et| 

yij  = the  response  at  time  j on  treatmem  i, 
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;i  = (he  overall  mean, 
a,  = fixed  effect  of  treatment  i 
fixed  effect  of  tfanej, 

(at)tj  = fixed  isteractioii  effect  of  treatment  i with  time  j,  and 
eij=  randoroetTorat  tanejotj  treatment  L 

IntetactioDS  between  treatment  and  sattqtling  period  (tmte)  were  deterntmed  using 
contrast  statements  to  PROC  MIXED.  Differences  were  considered  to  be  significant  at 
P <0.05.  Contrasts  among  systems  were  tested  at  each  evaluation  dale  for  plant  response 
variables  (herbage  mass,  IVOMD,  CP,  NDF,  and  intake)  and  every  5 wk  for  mhnal 
response  variables  (milk  yield,  body  weight.  BCS.  fat,  protein  and  MUN  concentration, 
and  SCC).  Polynomial  equatioos  until  the  5*  order  were  generated  and  tested,  with  the 
highest  significant  level  included  in  the  model  Economic  variables,  number  of  days  open, 
and  services  per  conception  were  aoalyud  using  ANOVA  models  for  congiletely 
randomized  design  in  PROC  MIXED  (SAS,  1989). 


Milk  Yield  and  Liveweiflht 

Cows  in  confined  housing  produced  20%  more  milk  in  the  276-d  average  period 
rban  cows  on  pasture  systems  (Figure  5.1  and  Table  5.9).  Tested  at  5-wk  mtervals.  there 
were  differences  among  treatments  (F  < 0.05)  on  most  dates.  Between  pasture  synems 
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Weeks  Postpartum 


Figure  5.1.  Milk  yield  (kg  cow*^  oo  two  pasture  syslcms  fbr  dairy  cows  m 

coagraiisoD  with  a confined  bousing  system.  System  1 = lye-ryegrass'CloversT 
pearl  miDet  and  System  2 = rye-ryegrass'benmidagrass. 


Table  5.4.  P-values  and  standard  error(SE)  for  system  coagnrisonsoriiiilk  yield  (kg 
cow*'  d*')  at  Weeks  1 to  59  afler  parturition. 


152 


tliere  were  no  differaices  (P  > 0-18)  in  any  expeimenlal  period.  The  seasonal  average  of 
iniTV  production  was  23.8,  24.2,  and  28.9  kg  cow*^  d‘\  for  systems  1,  2.  and  3 
(confioemem),  respectively.  Kolver  sod  Muller  (1998)  reported  ibat  during  a 4-wk 
cicperimeoisl  period,  cows  consurmog  an  all  pasture  diet  produced  333a  less  (P  < 0.01) 
milk  than  cows  fed  a TMR  (29.6  vs.44.1  kg  cow  ' d~'),  and  had  a milk  protein 
concentration  that  was  0.19  percentage  units  lower.  Fike  et  al  (I997a,b)  reponed  large 
decreases  (10  to  15  kg  rf')  tn  milk  production  for  cows  moved  from  a confined  housing 
system  to  bennirdagrass  or  rfaizoma  peanut  {Amchis  glabraea  Benlh.)  pastures  in  Fbrida 
in  mid-summer.  In  the  present  expertmem.  when  systems  were  contrasted  every  5 wk,  no 
differences  (P  > 0.05)  among  treatments  were  detected  in  concentration  of  milk  fat, 
proteia  or  urea  N (Table  5.5).  However,  somatic  cell  coum  (SCC)  were  diffinsi  (P  < 
0.03)  from  Week  5 to  14  postpamun.  with  System  3 (confitrement)  cows  piesouiug 
higher  SCC  than  pasture  cows  (Table  5.5). 

(Irazingcows  lost  more  weight  than  did  confined  cows  (Rgure  5.2  and  Table  5.6), 
especially  cows  in  System  1 (rye-ryegrass-dovers/pearl  millet).  These  cows  mainlained 
their  Uveweighi  during  the  summer,  while  cows  in  System  2 (rye-ryegrass-bermudagrass) 
increased  in  Sveweighl.  However,  differences  to  Bveweight  between  grazing  systems 
ap^xoached  significance  only  in  the  last  lO-wk  of  the  expeiimenl.  Weight  of  confined  and 
System  I cows  were  differem  (P  < 0. 1 0)  begmning  between  Weeks  5 and  1 0 through  to 
end  ofexpeximem,  while  there  were  only  trends  (P  < 0.20)  during  most  of  this  time  period 
toward  higher  wei^its  in  bam  cows  than  System  2 cows. 

During  (he  total  experiment,  grazing  cows  lost  an  average  of  0.19  (System  2)  and 
0.26  kg  d*'  (System  I),  whDe  confined  cows  gamed  0.13  kg  d*'.  Confined  cows  rapidly 
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Table  5 Seasonal  average  of  nrfllf  yield  (4%  FCM),  solid  corrected  milk  (SCM),  &t  and 
proiein  percentage,  milk  urea  nitrogen  (MUN)  and  milk  somatic  ceQ  count  (SCC) 
on  pasture  systems  for  gra^g  conqtared  to  confined  bousing. 


Protein  MUN  SCC 


1 2S.2b 

2 25.0b 
Bom  29.8a 


3.60a  2.96a 

3.70a  2.95a 

3.69a  2.90a 


16.5a  654b 


t System  I “ rye-iyegrnss-cloverslpearl  irnHet  and  System  2 = tye-ryegrass/bennudagrass 
1 43i  FCM  (&i  corrected  milk)  = 0.40  a milk  yield  (kg  day  ' ) + IS  x fiit  yield  (kg  day  ') 
$ SCM  (3.5%)  = 12.82  x bi  yield  7.13  xproieio  yield  + 0.323  x milk  yield 
i Values  witbin  a cohuttn  followed  by  ibe  same  letter  are  not  difTerem  (P  > 0.05}  for  any 
5'Wk  mlcrval  contrast.  For  SCCtbe  congtarisons  are  from  Week  5 to  14. 


increased  in  body  weight  (BW)  and  body  condition  score  (BCS)  during  the  last  lOwt  of 
trial,  while  grazmg  cows  tended  to  do  the  same  in  the  last  3 to  5 wk  (Figure  5 J and  Table 
5.7). 

Considering  that  the  net  energy  for  lactaiioo  (N£L)  equivalent  to  a weight  loss  of 
1 kg  of  body  tissue  is  4,92  Mcal(NRC,  1989),  changes  in  body  weight  were  equivalon  to 
1.74  and  1.26  kg  of  milk  cow' d''  for  Scents  1 and  2,  respectively.  Bam  cows  gained 
weight  with  an  MEL  equivalent  of  0.9  kg  of  milk  cow' d ' (NEL  = 5.12  Meal  kg  ' gain: 
NRC.  1989).  Therefore,  bam  cows  hod  caloric  value  ofliveweigbl  changes  equrvakm  to 
2.2  and  2.6  kg  milk  (FCM  = 4%)  greater  than  Systems  I and  2,  respectively. 
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0 5 10  15  20  2S  30  35  40 


Weeks  PosCpaitimi 


Figure  5-2.  Body  weighl  (kg  cow  ')  for  deny  cows  on  two  pasture  systems 

congiered  with  a coo&ied  hou^g  system.  System  1 * rye‘ryegrass>clovers/ 
pearl  milJet  and  System  2 ■ rye-ryegrass^bennudagrass. 
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Lack  of  recovery  in  BW  aodBCS  (Figure  SJ;  Tables  S.7aDdS.t)cmhave 
negative  isqslicaaoas  on  subsequent  reproduclion  and  milk  yield  of  the  next  (NRC.  1989). 
In  the  cutrem  study  there  appeared  to  be  effects  of  condition  and  weight  toss  because 


cows  (Table  5.8). 

Herbage  Mass 

Pregraze  and  postgraze  herbage  mass  in  winter/spring  averaged  2350  ± 330  and 
910  ± 190  kg  of  DM  ha  ',  respectively.  Pregraze  and  posigraze  beitage  mass  in  summer 
averaged  3580  i 830  and  2400  ± 630  kg  DM  ba  '.  There  were  no  differences  in  herbage 
mass  between  pasture  systems  during  wimer  and  through  23  July  in  summer  (Figure  5.4; 
Table  5.9).  This  ^mation  changed  during  late  summer  when  pearl  millet  decreased  its 
growth  rate.  From  1 2 August  throughout  September.  Tifton  85  bermudagrass  (System  2) 
herbage  mass  was  greater  than  that  of  pearl  mSlet. 


During  wimer,  the  average  contribution  of  ryegrass  was  4791  in  pastures  with 
clovers  (System  I ) and  59%  in  pastures  without  legumes  (System  2;  Table  5.10).  The 
ryegrass  contribution  increased  and  rye  decreased  os  the  season  progressed.  Rye 
connibuled  with  approximately  one-third  of  total  DM  over  the  growing  season.  Crimson 
and  red  clovers  made  the  greatest  contribuiioo  late  in  the  growth  season,  20  to  25%  of 
total  DM  in  April/May  (n»re  than  500  kg  of  DM  ha*').  The  weed  congronmu  connibuled 
lictle  DM;  only  during  laie  May  when  the  warm-season  species  began  growth  was  it  above 


1 more  days  open  and  more  services  per  conception  than  confined 


10%. 
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Table  5.8.  Livewei|bl  (LW),bo<5y  condibaa  score  (BCS),  days  open,  and  services  per 
coDcepiioa  on  pasrure  sytlems  for  grazing. 


Sysiemt  LW  LW 
-kg-  -kg- 

1 656a{  583b 

2 660a  606b 

Bam  6S5a  690a 

SE  22  22 


Daily  LW  Irmal  ^caJ  BCS  Days  Services  per 

changes  BCS  BCS  change  open  conception 

-kgcow-'- 

-0.26  3.13a  2.88b  -0.25  183b  3.3b 

-0.19  3.19a  3.00b  -0.19  172b  3.3b 

-►0.13  3.04a  3.83a  -<-0.79  136a  2.U 

0.15  0.15  67  1.6 


7 System  1 = rye-ryesrass-clovers'peail  mOlec  and  System  2 = rye-ryegras&foennudagrass 
t Values  within  a column  followed  by  the  same  letter  are  not  different  (P  > 0.1)  by  LSD. 


Nutritive  Value 

Forage  digestibility  (TVOMD)  was  not  different  between  systems  at  any  oflbe  12 
sampling  dates  (Figure  5.5  andTaUes  5.1 1 and  5.12).  and  it  decreased  dining  both 
seasons.  Except  fortbe  last  spring  sampling  date,  digestibility  ofwicler  pastureswas 
between  700  and  800  gkg  ' OM.  There  were  trends  (P<  0.098  to  0.228)  toward  higher 
IVOMD  on  System  I pearl  millet  pastures  than  bermudagrass  during  late  My  through 
September.  Througboui  summer,  IVOMD  ou  botb  systems  tanged  from  more  than  600  to 
just  less  than  750  g kg  '. 


dury  cows.  System  I * Rye-rye] 
2 = Rye*ryegress/faemudagrass. 


I miDei  aod  System 


Table  S. 9.  R-viiIues  and  naadard  error  (SE)  for  system  coiqiansoiis  of  pregraze  herbage 
mass  (kg  DM  ba  ‘)  for  January  to  September  of  1 998. 
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Tables. 10.  Baiasicalcoii^sition of winier pastures. 


Date 

System  1 

System  2 

Rye 

Rgt 

Clovers  Weeds 

R*  Weeds 

12  Jan. 

30 

55 

12  3 

42 

58  0.4 

3 Feb. 

52 

36 

6 7 

47 

48  5 

14  Feb. 

48 

46 

6 0.6 

53 

47  0 

17  Mar. 

38 

45 

18  0 

40 

60  0 

7 Apr. 

37 

55 

8 0 

33 

58  9 

28  Apr. 

9 

65 

26  0 

11 

89  0.6 

21  May 

0 

30 

21  49 

0 

53  47 

avg 

30 

14  9 

32 

59  9 

+Rg  = ryegrass 


Tbe  CP  coDceairation  was  not  differem  (P  > 0.40)  between  systems  during  winter 
(Figure  5.6:  Tables  S.l  2 and  S. IS).  Then  were  differences  during  August  and  September 
when  pearl  millet  CP  was  greater  thm  that  of  bennudagrass. 

TheNDF  concentration  was  not  different  between  systems  (P  > 0.15)  during  most 
tbe  winter  season  (Tigure  5.7;  Table  5.12  and  5.14).  During  winterNDFofiye-ryegmss- 
ciover  herbage  averaged  466  g kg  ' DM  while  rye-ryegrass  herbage  averaged  4gl  gkg  ' 
DM(P<0.257).  However,  during  summer,  pearl  imDet  on  System  I had  lower  NDF,  an 
average  of  586  g kg'  DM.  than  did  henmidagrass  on  System  2 (726  gkg'  DM). 
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-•-Systl 

-o-Sy«t2 


Figure  S.S.  lo  vitro  organic  maiurdigestiUiity(IVOMD;g  kg'' OM)  of haadplucked 
sainples  oo  two  pasture  systems  for  dairy  cows.  System  1 = Rye-iyegrass- 
clovers/pearl  millet  and  System  2 = Rye-Tyegrass/ttermudagrass. 
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Table  S.i2.  Average  forage  ouimive  value  across  evaluaooo  dates  wnbin  seasons 
orhandphicked  samples  on  pasture  systems  for  grazitig. 


Response 

Variable 

Period 

System  It 

System  2 

SE 

P-value 

Forage  IVOhfD 

Year 

721 

gkg' 

711 

14.5 

0.52 

Wmle 

749 

753 

14.3 

0.75 

Sunime 

681 

652 

14.8 

0,21 

Forage  CP 

Year 

238 

223 

liD 

0.46 

Wime 

243 

247 

13.8 

0-69 

Summe 

223 

190 

14.4 

0.14 

Forage  NOT 

Year 

516 

583 

21.1 

0.15 

Wane 

466 

481 

20  8 

Summer 

586 

726 

21.6 

0.0002 

t System  I ■=  tye-iyegrass-cloverslpeari  millet  and  System  2 = rye-tyegrtsafoermudagrass 


Forage  and  Total  Iclnke 

Once  in  winter  aud  ooce  b summer,  dry  matter  intake  was  detetmmed  using 
cbrottmsmtnarttenecbniques.  Forage  or  total  blake  was  not  difletem  between  forage 
systems  beiiber  season  (Table  5.15),  but  they  were  between  seasons.  Cowsconsumed 
more  herbage  and  total  forage  during  whner  thari  during  summer.  Total  imake  for  the 
grazing  systems  was  21.8  kg  DM  cow' d ' whereas  it  was  23.6  kg  of  DM  cow  ' d 'for 
bam  cows.  Forage  intake  was  13.4  and  10.6  kg  DM  cow''  d '.  for  wimer  and  summer 
pastures,  respectively.  This  amount  of  herbage  consumed  represented  an  avenge  of  about 
55%  of  total  intake.  These  results  are  similar  lo  (hose  reported  by  others  authors.  Muller 
naL  (199S)repoited  daily  consungnion  of  22.2  kg  cow'  of  which  14.5  kg  DM  came 


Hgure5.6.  Cnids  protein  (CP;  g kg  ' DM)  ofhaiidplucked  samples  on  two  pasture 

systems  for  dairy  cows.  System  I = Rye-ryegrass-cloveis'pearl  millel  and  System 
2 = Rye-ryegrass  /bermudagrass. 


Table  S.  1 3.  P-vahies  and  standard  error  (SE)  for  system  comparisons  of  berbage  CP 
(gkg  ‘ DM)  from  January  to  Septemto  of  199S. 
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Table  5.IS.  Intake  of  cows  on  pasture  systems  for  grazmg. 


Response  Period  System  If  System 2 SE  P-vaJue 

Variable 


Foragelnuke  Year  12. 1 II.9 

(Chromhjm)  Winter  (April)  I3J  I3.S 

Summer  (My)  10.9  10.3 


2.8  0.73 
2.8  0.87 
2.8  0.59 


Forage  Year 

Disappeared}  Winter 
Summer 


Totalintake  Year  21,9  21-8 

((mromium)  Winter  (AprO)  24.7  24.8 

Summer  (My) 19J 18.9 


3.1  0-91 
2.9  0.95 
3-1  0.86 


t System  I ■ ryB-ryt^rass-cloverVpcarl  millet  ajtd  Syeiem  2 “ rye-rycgrass/bcnnudagrass 
} Sward  difTercoce  mctbod 


from  grass-alMla  pasture.  Holden  etal.  (1994b)  reported  daily  forage  imake  on  a 
mixture  of  perennial  cold-season  grasses  ranged  from  1 1.6  to  25.6  kg  DM  and  was  lowest 
m the  summer,  while  ttae  total  DMI  increased  from  21.3  kg  in  early  spiing  to  22.4  kg  in 
late  spring,  and  after  decreased  as  lactation  progressed,  lo  tbe  currem  experiment,  the 
average  herbage  disappearance  calculated  using  the  sward  difference  metliod  was  similar 
to  that  measured  using  tbe  chromium  marker  (11.3  kg  of  DM  cow*'  d*'). 

Average  pregraze  and  postgraze  herbage  masses  were  not  diflerent  between 
systems  within  a season  (Table  5.16).  System  2 (bermudagrass)  tended  to  have  greater 
bertege  mass  during  tbe  summer  season  (P  < 0.20)  and  it  also  tended  to  have  greater 
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ze  and  postgraze  herbage  maw  and  herbage  disappeared 


0.474 

0.187 


0.149 

0.252 


— Disappeared  herbage  — 


P-value 

0.131 


t SysiOD  I = iye<y^raas-elav<n/pearl  milla  and  Sysum  2 • ry&eyegrassAmmidagrass 


forage  disappearance  per  hectare  during  both  seasons  and  for  the  yearly  average 
(P<0.13).  The  yearly  average  of  grazing  efBciencylforage  disappeared/pregraze  herbage 
mass)  was  47%.  There  was  greater  grazing  efficiency  for  winter  pastures,  about  62%, 


: bom  28  to  42%. 
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Wbso  using  (he  sward  diBerence  method  (o  estimate  forage  dry  maner  imake 
(DMI),  cows  on  the  two  fonge  systems  differed  on  several  samptiDg  dates  (Tigure  5.8; 
Table  5.17).  From  late  Feiauary  to  March.  S>atem  2 (without  legiimes)  had  greater 
estimated  forage  intake  than  System  1 (with  clover).  DiBerences  probably  occurred 
because  of  forage  cotopositioa.  maturity,  and  structure  of  forage  components.  In  that 
time,  a greater  proportion  of  the  forage  in  System  2 was  ryegrass  (55%)  while  in  System  1 
tbemostabuDdantcoiqxinemwasrye(4l%).  During  April,  no  differences  between 
existed  systems.  However,  in  the  last  winier  evahialion  the  trend  was  reversed  and 
System  1 tended  (F  < 0.17)  to  have  greater  intake.  probaUy  due  to  contribution  of  clovers 
(20-25%).  During  the  summer  period,  cows  on  System  I (pearl  miDet)  had  greater 
herbage  DM  imake  in  July  evaluations  (Figure  5.8;  Table  17),  but  there  were  no 
differences  (P  < 0.15)  between  systems  in  August  and  early-Septemher  evaluations. 

During  lale-Septeinber  cows  on  System  2 (bennodagrass)  had  greater  herbage  DM  inlake. 
probably  due  to  reduced  pearl  millet  allowance  at  that  time.  Bam  cows  consumed  about 
8%  more  DM  than  pasture  systems.  (23.6  vs.  21.3  kgd  ‘).  Based  on  BW.  the  seasonal 
average  was  3.92,  3.80,  and  3.91%  of  BW  for  System  1,2.  and  3 (confinemoit), 
respectively:  DM!  ai  more  than  (he  3.5%  of  BW  as  estimated  by  HRC  (1989)  is  required 
for  mannenance  and  normal  wei^  gain  during  mid-and  late  lactatioo  of  a 600-kg  cow. 
with  daily  milk  ptoductioo  of  30  kg.  Cow  daily  intake  ofDM  was  12,  9.  and  12%  greater 
than  estixnaled  by  NRC  (1989)  for  Systems  1, 2,  and  3.  respectively. 


Figure  S.8.  Estimatal  forage  inlake  (kg  DM  cow  ’ d ‘)  based  on  the  sward  difTerence 
meibod  on  two  pasture  sysiems  for  daily  cows.  System  1=  Rye-ryegrass- 
clovets/peatl  mfliet  and  System  2 = Rye-ryegrass/bemudagrass. 


Fd)  Feb  Mar  Apr  Am 
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Economic  Anahit 

Toial  milk  produciion  cost  is  mucb  more  complex  than  feed  cosi  aJooe.  However, 
feedcoslistheiDosiimporumcoii^Dcmorproductioocostsmdaiiyoperetioas.  Tins 
secdoD  assesses  tbe  fM  casi  rebtive  to  milk  income  of  (be  two  pasture  system  treatments 
coopircd  with  tbe  convenoonal  housing  system. 

Pasture  cost  was  about  S300  ba*'  for  both  winter  and  summer  pastures  (Table 
A.  16).  TbeTe  was  a 3%  greater  cost  (S9.74  ha*')  for  tbe  winter  component  of  System  1 
due  to  tbe  cost  of  clover  seed  that  was  not  totally  coo^ensaied  for  by  addhional  N 
fertilization  on  Sy5tem2(iye-ryegrass-withoui  clovers).  Summer  pastures  of  System  I 
(pearl  millet)  had  a lS%greater($43.S9  ha*')  cost  than  those  ofSystem2(bermudagiass). 

Total  mixed  rabon  for  bam  cows  and  concentrate  supplemem  costs  for  grazing 
cows  are  summarized  in  Tables  A.17  to  A.2I.  Total  mixed  ration  cost  was  S0.D93  kg*'  as- 
fcd.  Le.,  $4.20  cow'd'  (intakeof45.13kgeow*'  d*').  Average  supplemem  costs  for 
graziDg  cows  were  SO.  ISI  and  S0.1S3  kg  ' as-fed.  or  SI  . 94  and  $1.83  cow*' d*' for 
Systems  I and 2.  respectively  (Table  S.  1 8).  Thehi^ier  cost  ofSystem  1 was  basically  due 
10  summer  one-shot  supplemem  fed  during  (he  last  month  of  trial  due  to  a sbortage  of 
pearl  nrillel  forage. 

In  addition  to  coucemrate  supplement  and  pasture  cost,  the  cows  of  one  replicate 
ofboib  systems  received  9 kg  cow*'  d*'  of  com  silage  bom  19  February  lo  17  March  due 
to  poor  regrowth  of  rye.  From  28  April  lo  18  May.  the  cows  of  one  replicate  of  System  2 
(bermudagrass)  were  led  1 1 kg  silage  cow*'  d*'  (as-fed  basis).  Com  silage  costs  were 
$0,009  and  $0.0!  8 cow*'  d*'  fbrSymems  1 and  2,  respectively  (Table  S.  I Sand  TaUe 


.17). 


^ of  two  i»9ure  systems  <br  grazmg  aod  a confined 


Table  S.lfi.  Feed  cost  and  milk  income 


houann  system 


Cone  Suppl. 
orTMR 

Pasture 

Income 

Difference 

kecow' d' 

j i |j  i 

$cow-‘d' 

$ cow' d ' 

$ cow ' d ‘ 

129b« 

I 94b 

0 35a 

7«5b 

5 56a 

12  0b 

183C 

0.30b 

7.99b 

5.34a 

Bam 

45  la 

4 20a 

9.52a 

5 32a 

SE 

0 33 

005 

0.02 

0.37 

0 36 

* Syst  1 - rye-Ty^ress-clovea/pearl  miOet  Syit  2 = rya-fyegnss/bstnudagrass 
t Com  silage  cost  was  $0,009  and  $0.0!  8 cow' d ' tor  Syst  1 and  2,  respeeiively. 

S Means  in  tbe  same  colunm  foDowed  by  ibe  same  letter  are  not  diJfereni  (P>  0.10) 
LSD. 


income  above  feed  cost  was  less  ($0.24  cow''  d ')  than  those  for  System  I (pearl  millet), 
aod  $0.52  cow'' d ' less  than  on  System  2 (hemnidagrass:  Table  5.18).  System  2 
presesied  ioceme  above  feed  cost  of$5,480  ha  ' cotqiared  to  $4,790  ha  ' for  System  I 
(Table  5. 19).  but  these  values  were  not  different  statistically. 

As  tbe  irriTk  yield  was  the  same,  trends  toward  cost  differences  were  due  to  lower 
cost  ofbermudagrasspasture,  tbe  longer  grazing  period  on  bermudagrass  than  for  peaii 
millet,  and  the  cost  of  concentrate  supplement  during  the  last  month  of  Ctial  due  to  a 


shortage  of  pearl  millet. 


Table  S.19.  Milk  income  mmus  feed  costs  (concentrate  supplemem  and  pasture)  for  two 


LSD. 


To  better  assess  tbe  potemia]  of  pasture-based  daiy  sisiems  in  Florida,  a 276-d 
eaperiinenl  was  conducted  at  UF-Dair>  Research  Unh  (DRU)  in  Hague.  FL.  The 
ot^ectrveswere;  a)  to  coxigtare  milk  production  and  cocgxtsition  from  pasture-based 
systems  for  boating  dairy  cows  with  tbose  of  a convenDonal  confotemeni  bousing  system, 
and  b)  to  coiqiare  feeding  costs  per  unit  of  milk  produced  for  tbe  two  pasture  systems  and 
a conventionaJ  confinemem  housng  system.  A total  of  40  multiparous  Holstein  cows 
were  assigned  to  treatments  at  calving.  Twelve  cows  were  assigned  to  each  of  two 
forage  systems  whit  three  cows  on  each  of  four  replicates  per  system  and  1 6 cows  in  tbe 
bam.  System  ) was  a ryn-ryegrass-cbvers  (oimsoo  and  red)  mutrure  during  winter-sprmg 
and  pearl  millet  during  summer.  System  2 was  a rye-ryegrass  mittme  during  wimer- 
spring  and  bemmdagrass  during  summer.  Both  were  compared  with  a conventional 


refinement  bousing  (System  3).  Tbe  gramg  period  was  from  early  January  to  early 


spnag.aiid  a 2I-d  rest  periods  duiingsiinmier.  Supplement  was  fixl  at  a rate  of  I kg  (as- 
fed)  for  each  2.5  kg  milk  produced  during  winter  and  1:2  during  the  summer. 

Cows  in  confined  housing  produced  an  average  of20%  more  milk  than  cows  on 
the  pasture  systems,  hfilk  yield  between  grazing  systems  did  not  difler  as  did  milk  ftt. 
milk  proieia  and  milk  urea  mtrogen  concentrations.  GraziDg  cows  lost  0.19  (System  2) 
and0J6kgd  ‘ (System  1),  while  confined  cows  gained  0.1 3 kg  d ' ofbody  weight  (BW). 
Confined  cows  rapidly  increased  BW  and  BCS  during  the  Iasi  10  wk  of  (he  trial  while 
grazing  cows  tended  to  do  (hat  in  the  last  3 to  Swk.  Crazing  cows  had  more  days  opes 
and  more  services  per  cooc^rdon  rtian  confined  cows. 

There  were  no  difierences  between  forage  systems  in  ehber  season  for  forage  and 
total  DM  iniake.  Bam  cows  consumed  about  8%  more  than  grazmg  cows.  Forage  imake 
from  pasture  was  approziaiately  55»>  of  total  intake. 

There  were  no  difierences  m herbage  maw  between  pasrure  systems  during  winter 
through  early  August,  but  after  that  benmidagrass  had  greater  herbage  maw  than  pearl 
millet.  Both  rye  and  ryegrass  contributed  significantly  to  total  bobage  mass  during 
winter,  after  which  ryegrass  contribution  mcreased  and  rye  decreased  as  spring 
progressed.  Dovers  made  the  greatest  connibution  dutiag  April  and  May.  Herbage 
digestibility,  CP,  and  NDF  concentration  were  similar  between  grazmg  systems  during 
wtmer  and  spring.  The  NDF  concentration  ofbemnidagrass  herbage  was  greater  than  that 
of  pearl  millet.  Pearl  miPei  herbage  CP  was  greaier  than  bermudagrass  during  August  and 
September.  There  were  trends  toward  greater  IVOMD  on  pearl  millet  than  benmidagrass 
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Cool-seasoa  snniial  forages  planted  in  October  provided  high  nutritive  value 
forage  from  early  Januaiy  to  May  (fr  mo),  a time  when  perennial  waxin-season  grasses 
have  low  growth  and  nutiiiive  value.  Late  May  through  June  is  a transition  period 
between  annual  cool-season  and  perennial  warm-season  pasture  in  north  Florida,  and  other 
alieniatives,  such  as  feeding  conserved  forage  or  early  planting  of  annual  wann-seasoo 
pastures  (pearl  millel  and  sorghum  species)  may  be  necessary.  Conserved  forage  or  late 
planting  of  warm-season  nnmifllv  also  maybe  used  to  filltbe  gap  between  warm-season 
and  cool-season  pastures,  from  October  to  December. 

Pearl  millel  had  low  growth  after  late  August,  however,  by  staggering  planting 
dates  it  may  hove  potential  to  extend  the  grazing  season  from  May  to  November  and 
provide  forage  of  greater  nutritive  value  than  most  perennial  warm-season  grasses. 
However,  the  main  disadvantages  of  forage  systems  based  on  annual  species  are  related  to 
the  higher  risk  due  to  establishment  and  also  due  to  higher  costs  relative  to 

perennial  pastures. 

Ahhou^  conimed  cows  produced  20H  more  milk  than  grazing  cows,  the  feed 
cost  of  grazing  cows  was  reduced  to  about  one  half  that  of  confined  cows.  MSk  mcome 
mimisieednig  costs  was  SS.S6,  SS.S4.  and  SS.32  cow'*  d'‘  for  System  1 (pearl  millet). 
System  2 (bermudagrass).  andSyiem3  (confinement),  respectively.  Data  from  this 
experiment  show  no  animal  production  or  economic  benefit  of  using  pearl  tnOlei  instead  of 
bermudagrass.  This  is  likely  due  to  the  Sorter  season  of  productioD  and  greater  cost  of 
millfi  versus  bermudagrass  systems,  and  to  the  relatively  high  amount  of  concentrate  fed 
to  grazicg  animals,  which  likely  reduced  the  impact  of  higher  nutritive  value  of  pearl 
millet.  These  date  suppon  the  idea  that  reducaon  in  feed  costs  may  be  included  among 


several  reasons  for  greater  imerest  in  pasture-based  systems  for  daiiy 


cenpaJ  Florida  region. 


CHAPTER  6 

GENERAL  CONCLUSIONS 


The  purpo$e  of  this  chapter  is  to  sunumrize  findiogs  and  practical  in^Ucations  of 
three  expentnents  described  in  Chapters  3 through  S.  They  were  planned  to  test  forage 
systems  for  yeai'toimd  grazmg  by  laclaling  dairy  ccws«  because  most  ofthe  research  done 
with  pasture  systems  has  been  ^rl  term  in  nature  and  fuD  lactation  studies  are  needed  to 
bener  assess  the  potential  of  pasture-based  systems.  Two  were  prehminaiy  to  refine 
agroDomic  manageineDl  information  for  year-round  pasture  systems.  The  prelitmnaiy 
espeiiiuenls  were  conducted  at  Beef  Research  Unit  (BRU).  north  of  Gainesville,  from 
May  1996  to  May  1 998.  and  the  primary  trial  was  conducted  at  the  Dairy  Research  Unit 
(DRU),  at  Hague,  fiom  January  to  October  1998. 

In  the  first  trial  described  in  Chapter  3,  three  cuhivars  of  pearl  millet  and  two  of 
sorghum-sudasgrass  were  planted  at  four  (1996)  and  six  (1997)  dates  separated  1^  3-wk 
intsvals.  Plantmg  dates  started  on  10  May  1996  and20  March  1997.  The  ol^ectrves 
wae  to  quantify  total-season  DM  yield,  seasonal  distributioiu  and  nutrittve  value.  The 
plants  were  clipped  when  SO- to  60-cmtall(oa  lO-cm  stubbie,  approximately  every  2 to  4 
wk.  The  plots  received  40  kg  N ha  ' afrer  the  first  four  harvests  of  eatfii  plancng  date. 

In  both  years,  total  yield  decreased  tmearty  as  planting  date  was  delayed,  at  a rate 
of  about  30  kg  DM  ha  ' d~'.  As  exception  was  Tilleaf  2 millel  in  1997^)1  tended  to 
maintain  forage  yield  from  March  to  June  plantings.  Yield  among  cultivais  did  not  differ 
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consisieaUy  m either  >ear,  however  SX  15  sorghum  had  greater  yield  Than  Hygrazer  in  late 
plantings  (late  May  through  My).  Although  the  greatest  herbage  yield  oconred  m 
summer,  forage  distribution  may  be  improved  and  the  autunm  deficit  reduced  by  planting 
pearl  millet  and  sorghum-sudangrass  genotypes  at  two  or  more  3-wk  imerval  dates  and 
utilizing  ineosive  management  inctuding  fiequent  harvests.  Leaf  percentage  for  most 
cubivers  decreased  linearly  as  plancmg  date  was  delayed  and  TiSeaf  2 bad  or  tended  to 
have  the  greatest  leaf  percentage  independem  of  planting  date. 

NutiiDve  value  was  high  and  there  were  no  dilTereoces  in  total  herbage  IVOMD 
and  CP  concentration  anung  genotypes  at  most  harvests.  Total  herbage  and  leaf  had  the 
lowest  CP  concentration  at  the  earhest  planting  date.  The  CP  concentration  ranged 
between  127  to  178, 144  to  199,  and  75  to  143  gkg  ' DM  for  total  herbage,  leaf  and 
culm  fractions,  respectively,  while  IVOMD  ranged  between  560  to  695. 675  to  71iand 
628  to  690  g kg ' OM,  respectively. 

The  main  {^ctical  impbcaiion  of  these  findings  is  that  forage  distribution  and 
forage  nutritive  value  may  be  ingiroved  and  autumn  deficit  reduced  by  planting  pearl  miUei 
and  sorghum-sudangrass  genotypes  using  multiple  planting  dates  and  utilimng  frequent 

The  second  trial,  described  in  Chapter  4,  included  sh  cool-season  forage  mimires 
composed  of  small  grains  (rye  and  oat),  ryegtass,  and  crimson  or  red  clovers.  Muiures 
were  tested  at  four  planting  dales  at  4-wk  intervals  from  1 9 Sept,  to  1 1 Dec.  1 996  and 
from2  0ct.  to  23  Dec.  1997  to  determine  total  forage  yield,  seasonal  forage  distribution, 
and  nutritive  value.  The  treatments  were  R-0  (lye-oat),  R-O-Crim  (crimson  clover).  R-O- 
Red(redcbver).  andeacboflhesetreatmems whbltalianiyegrass(Rg).  Plotswere 


san^led  wbeo  forage  wss  25- 10  40-cm  Ull  using  a sickle-baj' mower  to  cut  to  a 7- to  10- 
cm  stubble  heigbi. 

Tbe  R-O-Rg  minure  was  bighesi  yielding  in  botb  years.  AS  mimres  bad  higher 
yields  in  1996  than  in  1997  due  to  excessive  winter  and  spring  rams  (210%  above  tbe  257- 
mm  average  from  November  1997  to  Febniaiy  1998).  In  the  wet  year,  yields  of  mixtures 
with  ryegrass  decreased  less  than  those  without  ryegrass.  October  and  November  planting 
dates  resulted  in  greater  DM  yield  than  earlier  or  later  planting  for  tzmst  mixtures,  tut  tbe 
R-0  mixture  tended  to  have  greatest  yield  when  planted  in  September  to  enrly  October. 
Relative  to  botanical  comfiontian.  small  gnuns  and  ctitnsoD  clover  made  up  a lesser 
percentage  of  tbe  total  DM  in  the  wetter  year,  while  ryegrass  and  red  clover  percentages 
were  greater  in  the  wetter  year.  Time  of  first  harvest  was  delayed  as  planting  date  was 
delayed  each  year,  and  only  when  planting  occurred  in  September  was  there  a harvest 
during  the  late  fall  (before  21  December)  growth  period.  Tbe  R-0  mixture  produced 
forage  throu^  no  later  than  early  spring  (before  8 May),  while  mixtures  includmg 
ryegrass  and  clover  tended  to  produce  significant  forage  after  8 May.  Tbe  clovers  were 
primarily  respoo^le  for  extending  tbe  growing  season,  while  the  mam  contribution  of 
ryegrass  was  to  icciease  forage  production  in  spring.  Crimson  clover  extended  production 
to  mid-May  and  red  clover  throughout  May. 

Herbage  numitive  value  was  high,  with  IVOMD  averaging  more  than  7(W  g kg  ‘ 
OM  across  treatments,  and  akhougb  IVOMD  decreased  fiom  late  wimer  to  late  spring 
harvests  it  still  remained  at  about  600  g kg''  (M.  Mixtures  tncluding  ryegrass  bad  tbe 
highest  overall  IVOMD  for  all  planting  dales  in  botb  years.  Tbe  mixtures  maintained  high 
CP  concentration  (>  1 60  g kg  ' DM)  during  M and  wimer.  and  despite  dechniog  later,  CP 
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was  at  about  130  g kg^'diuicg  late  spring  due  to  r>egrass  aixl  clover 

conqrooems.  Mnturesofcool-seasonaiimiaJgrusseswillidcvasmaybeanmiparTairt 
ahemative  to  develop  economical  forage  systems  for  year-touDd  grazing  by  dairy  cows  in 
nonb  centra]  Florida,  and  forage  distnlrution  and  herbage  nutritive  value  may  be  itqiroved 
by  growing  these  species  in  systems  based  on  warm-season  perenmal  grasses. 

The  maio  practicaj  implications  of  these  findings  are  that  comthnations  of  planting 
dates  and  especially  choosing  appropriate  mixtures  of  small  grains,  ryegrass,  and  clovers, 
along  with  appropriate  selection  of  cuhivBTS.  may  allow  production  of  forage  for  grazing 
fiom  late-December  or  carly-January  through  May  (4  to  5 mo),  a period  in  which 
peretmial  warm-season  grasses  lack  both  the  production  aitd  nutritive  value  necessary  for 
lactating  dairy  cows. 

The  third  and  primary  experiment  used  exltsrded  laclabon  studies  to  beriff  assess 
the  potential  of  pasture-based  systems,  specifically  the  idea  that  these  systems  may  reduce 
cost  of  miTt  production  per  unrl  of  feed  cost  relative  to  convoitiona]  confinemem  bousing. 
The  two  mam  objectives  were  to  congrare  milk  production  and  composidoa  from  pasture- 
based  systems  for  lacialing  dairy  cows  with  those  of  a conventional  confinement  bousing 
system,  and  to  compare  feeding  costs  per  unh  of  milV  produced  for  the  two  pasture 
systems  and  a conventional  confinement  housing  system. 

The  276-d  grazing  period  expetimenl  used  a total  of  40  multiparous  Holstein  cows 
siartmg  at  calving  in  January  and  ending  in  October  1 99S.  Three  cows  were  assigned  to 
each  of  four  replications  of  two  year-round  pasture  systems,  with  grazing  periods  of  1 d 
and  resting  periods  of  21  to  28  d.  System  I was  tased  on  a lyt-ryegrass-crimson  and  red 
clovers  mixture  during  whiter  and  pearl  miDei  during  summer.  System  2 was  based  on  a 
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compared  wilb  System  3.  conventional  confinement  bousing.  Pasture  cows  received 
suppleinem  at  a tnte  of  1 kg  per  2.5  kg  of  milk  produced  during  wxnter  and  1 kg  pm  2 kg 
of  nnlk  in  summer.  Sixteen  cows  were  assigned  to  the  confinemem  bousing  treatment,  fdl 
a total  mixed  ration,  and  cooled  by  fans  and  misteis. 

Cows  in  confinemem  produced  20%  mote  milk  (29  vs.  24  kg  milk  cow''  d ')  than 
those  on  pasture  systems;  there  were  no  differeoces  between  Systems  I and  2.  There  were 
no  diflerences  among  tbe  three  systems  in  concanrationarmilk&t,  protein,  and  urea 
nhrogeD.  However,  somatic  cell  comn  was  higher  for  the  confined  system  than  pasture 
systems.  Crazing  cows  lost  more  weight  than  confined,  especially  cows  grazing  pearl 
millet  that  only  imintaioed  body  weight  during  most  of  the  summer  while  cows  on  other 
treatments  garnfd  weight.  Pasture  cows  had  greater  number  of  days  opei  and  services  per 
conception  than  confined  cows. 

Pregraze  herbage  mass  averaged  2300  and  3600  kg  DMba  'forwnuer  and 
summer  pastures,  respectively,  however,  during  August  through  September  pearl  miUei 
pregrazehertagewasreducedioabout  lOOOkgha'.  During wmier,  ryegrass  cottirihuied 
40  to  605k  of  total  forage,  while  clovers,  with  20  to  255i  ofbeibage.  were  importamin 
April  10  May. 

Herbage  IVOMD  was  similar  between  forage  systems  and  decreased  loearly  fiom 
790  to  640,  and  from  720  to  630  g kg  'OM.  as  the  winler  and  simmer  seasons  progressed, 
respectively.  The  NDF  and  CP  concentrations  were  noi  differeoi  during  wimet,  but 
during  the  summer,  System  2 presented  higher  NDF  and  lower  CP.  e^iecially  during 


August  through  September.  During  these  i 
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about  four  limes  greater  than  those  of  pearl  millet  pastures. 

The  total  year  average  imake  for  both  pasture  systems  was  21.8  kg  DM  cow' d '. 
wiib  forage  imake  of  12,0  kgd*'.  Both  total  and  forage  intake  were  higho  during  wirrtff 
than  the  summer  period.  Confined  cows  consumed  8%  more  total  DM  than  pasture 
systems  cows. 

Economic  analysis  suggests  that  System  2 bad  the  lowest  feed  cost  per  unit  of  milk 
produced  and  that  pasture  systems  based  on  perennial  forages  may  be  more  likely  to 
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Table  A.  13.  SAS  slsiemenu  fonbe  estiiaatiaa  of  fecal  output.  Fram  Pood  et  al  (1987). 


DATA; 

DATAGRAZEI; 

INFILE  CRAZE; 

INPUT  ANIMAL  TIME  CR; 

Y = CR; 

PROC  SORT;  BY  ANIMAL; 

PROC NUN  INTER"  50  CONVERGENCE  = .00001  METHOD  = MARQUARDT;  BY 
ANIMAL; 

FARMS  KO  = 100  LI  = .05  TAU  = 10; 

BOUNDS  K0>0,  L1>0,  TAU>0; 

T = TIME-TAU; 

If  T<0  THEN  GO  TO  ALPHA; 

El  =EXP(-L1  *T); 

ONE  = T*(Ll”2)’El; 

MODEL  Y = {(KO'LI  *T)’(EXP(-L1  T)))/.  59635; 

DER  K0  = OKE; 

DER.  LI  =T*L!'K0*EI*(2-L1*T); 

DER  TAU  = KO*(Ll"2)*Ei*ai*T-1.0); 

GO  TO  BETA; 

ALPHA; 

MODEL  Y = 0; 

DER  KO  = 0; 

DER  L1=0; 

BETA; 

OUTPUT  OUT  = POINTS]  PREDICTED  = THAT  RESIDUAL  = RESID; 

DATA  OK;  MERGE  POINTSl  CRAZE! : 

PROC  SORT;  BY  ANIMAL; 

PROC  PLOT;  BY  ANIMAL; 

PLOTYHAT'TIME  = '•'  Y*TIME  = V/OVERLAY; 

LABEL  TIME  = TIME  AFTER  DOSE.  HOURS; 
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Figure  A.].  Exazqileofc 


i 2824). 
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TableA.14.  SAS  program  to  adjust  forage  muke  imlil  fecal  oucput  observed  and  fecal 
output  predicted  difleia  by  less  thaoO.OI  kg/d  (Moore  and  Kunkle,  personal 
cosmrunrcatroD). 


Adapted  by  new  equation  Dr.  J.E.  Moore  (2-19-99) 

DATA  HBNIOTl; 

INFILE  ‘rcintl.TST'; 

INPUT  SEA  S TRT  REP  COW  $ OMI FOO IVOMD  SUPIOTAK  SUPDIG; 
FRGDIG  = tVOMD/100; 

DO  FRG1NTAK=1  TO  40  BY  .05  UNTIL  (DDT  < .01); 

TOTINTAK  = FRGINTAK  -r  SUPINTAK; 

TOTDIG  = (FRGINTAK'FRGDIG  -r  SUPINTAK*SUPDIG)n'OTlNTAK, 
FOP  = TOnNTAK*(l-TOTDlG); 

DDT  = FOO-FOP; 

END: 

PROC  PRIFTT; 

RUN; 
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TableA.15.  Cost  ofi^nns  for  esubtUhmnn  and  maintenance  oftwo  pasture  synsms. 


Deso^nioii  Amount  ba'  Date  Oist  Cost 

S Sba' 


12  Nov, 
19  Dec. 

12  Feb. 
5 Mar. 

14  Apt. 

10  June 
9July 

13  Aug. 
10  Sep. 


198 1 


87.32 


221 1‘  29.09 
221  f"  29,09 


23-24  Oct.  0.55  kg’'  37.48 
l.iOkg'  12.57 
3.92  kg  ' 39.24 
4.32  kg'  25.93 

23-24  Oct.  0.55  kg-'  50.15 
UOkg-'  18.74 


27Apr.  1.12kg'  28.1! 
15  April  12.53  L ' 62.68 


- ‘Sevin'  Caitwyl  (Iqt/A) 


2.34  L 31  Aug.  6.64  L ' 15.55 


PERENNIAL 

•Plow  S 25.00  ba'  - Harrow  Di&  S 20.00  ha' 

• Plow  + 3 Disks  85.00  ha'  -Fertilizer  appbcadoaS  7.50  ba' 

. Plaming  bemiudagiass  = $250.00  to  625.00  to'  'S;«igging  price  S31 2.50  ha  ' 
(Hay  Stack  Farms) 

• Deireciation  time  base  on  10  years 
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TaUcA.16.  Total amiial  coils  aaocialed wiih  pasture  mahlis^mmt 


Rye-r>egtass-clDvers'  Rye-rjegrasa/ 

pearl  imDel  benmidagrass 


WINTER  PASTURE 

FgrtTtiTgr 

Seed 

Esiabliahmenl 
Fertilizer  AppKcatiOD 
TOTAL 


$ ha  ’ 

157.82 


37.50 

289.21 


SUMMER  PASTURE 
Soil  Preparation  20.00 

Establishment  25.00 

Estabbshmenl  Depreciation 
Fertilizer  154.51 

Seed  28.11 

Herbicide  62.68 

insecticide 

Fertilizer  rhstribtnion  22.50 

Herbicide  Spraying  20.00 


15.55 

30.00 


332.80  288.91 


TOTAL 
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Table  A.17.  FeedsnxfT costs  for  aupplemcm  fonmilation 

Ingredient  S Ton  DM 

(as-M)  % 


Aiaifi  177.51 

Cora  Silage  38.39 

Brewers  Grain  38. 1 8 

Komiay  140.02 

Soybean  meal  230.76 

Soybean  hulls  86.00 

Whole  cottonseeds  IS6.08 

Cottonseed  hulls  74.42 

Citrus  pu^i  93.71 

Distillers  grain  188.90 

Fish  iwal  385.89 

Sodium  Ihcarbonate  427,69 

Herd  mineral  mix  614.11 

Trace  mineralized  sah  903.88 

Magnesium  oxide  411.38 

Limestone  332.96 


38.8 

26.7 

88.7 

89.0 

91.0 
88.4 

90.0 
89.6 

89.1 

92.0 

100.0 

94.0 

100.0 
100.0 
98.0 


199 


TabIeA.18.  Q)st  of  iota]  mixed  ratios  <TMR)  for  bam  cows. 


Feedsnilf  as-fed  as-fed  Radas  as-fed  as-fed  as-fed 

Ib  kg  as-fed  H $l'  $kg'  $ 100  kg' 


38.59  0.039  1.544 

177J1  0.177  0.888 

74.42  0.074  0223 

93.71  0.094  0.525 

140.02  0.140  1.471 

188.90  0.189  0.567 

38.18  0.038  0.764 

230.76  0.231  1.039 

156.08  0.156  0.937 

614.11  0.614  1228 

332.96  0.333  0.126 

9.311 


I kg 


TMR  as-fed  = S 0.093 
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Tab(eA.19.  Cost  of concenDste  supplement  for  grazing  cows(S  Jan.  199S). 


Feedstuff 

as- fed 

as-fed 

$f‘ 

as-fed 

Sbg-' 

as-fed 
S 100  kg-' 

as-fed 

Skg- 

29.88 

140.02 

0.140 

4.18 

Whok  cottonseeds 

19.40 

156.08 

0.156 

3.03 

Soybean  bulls 

22.40 

86.00 

0.086 

1.93 

Cimispu^ 

14.94 

93.71 

0.094 

1.40 

5.98 

188.90 

0.189 

1-13 

2.45 

385.89 

0.386 

0.95 

Held  inineraJ  mis 

3.00 

614.11 

0.614 

1.84 

TMS 

0.23 

903.88 

0.904 

0.20 

Bicarbonate 

1.49 

427.69 

0.428 

0.64 

Total 

100.00 

411.38 

0.411 

0.10 

15.40 

0.154 

Table  A.20.  Costofeono 

entrate  st^iplement  fnr  granng  cows  (15  June  1998). 

Feednuff 

as-fed 

as-fed 

% 

$kg-‘ 

$ 100  kg-' 

Skg-' 

Konmy 

26.9 

140.02 

0.140 

3.77 

Whole  cottonseeds 

19.42 

156.08 

0.156 

3-03 

Soybean  buns 

22.4 

86.00 

0.086 

1.93 

Citrus  pu^ 

14.94 

93.71 

0.094 

1.40 

DistiCera  grains 

5.97 

188.9 

0.189 

1.13 

Soybean  meal 

2.99 

230.76 

0.231 

0.69 

Fishmeal 

2.46 

385.89 

0.386 

0.95 

Herd  mmeral  mix 

2.99 

614.11 

0 614 

1.84 

TMS 

0.22 

903.88 

0.904 

0-20 

Bicarbonate 

1.49 

427.69 

0.428 

0.64 

Magnesium  nude 

0.22 

411.38 

0.411 

0.10 

100 

15.66 

1.566 

as-fed 


Average  0 ISS  kg" 
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Tabfc  A.2I.  Cost  of  one-shoi  suppletnem  for  grazing  cows. 


Feedstuff 

% 

as-fed 

as-fed 

Skg' 

as-fed 
100  kg' 

as-led 

$kg-‘ 

Hominy 

liS5 

140.02 

0.140 

L939 

Whole  cottonseeds 

14.97 

156.08 

0.156 

2.336 

Cottonseeds  hulls 

18.49 

74.42 

0.074 

1.376 

emus  pulp 

19.6 

93.71 

0.094 

1.837 

8.72 

188.9 

0.189 

1.647 

Soybean  meal 

10.88 

230.76 

0J3I 

2.511 

Soybean  bulls 

10.88 

86.00 

0.086 

0.936 

1.24 

614.11 

0.614 

0.761 

TMS 

0.25 

903.88 

0.904 

0.226 

0.99 

427.69 

0.428 

0.424 

Magnesium  oxide 

0.12 

411.38 

0.411 

0.049 

99.99 

14.043 

0.1404 
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Table  A.22. 


Total  feed  coat  per  s>rem. 


Intake  Cost  Partial 
System  as-fed  as-fed  cost 


TMR 
System  I + 
System  2) 


-kgd'-  -Skg'-  -$«)»•'< 

45.13  0.093  4.202 

12.87  0.151  1.943 

II.9S  0.153  1.828 


- Pasture  - Syst  2 
-Cora  silage-Syst  l| 

- Cora  ^ge-Syst  2 
TMR 

System  I 
System  2 


0.039  0.009 

0.039  0.018 


♦ 12.87kg  (S  0.155*73.5%  tune)  t 12.7kg  (S  0.14*26J%  time) 

1 11.95kg  ($0,155*85%  tiiDe)+  11.95kg  ($0.14*15%  time) 

S silage  29d  • 9kgas-fed(l  rep.  in  both  systems)  + 22d  • I Ikg  as-fed  (1  rep.  System  2) 


Table  A.23.  Cost  ofherbage  DM  consumed  from  pastures. 


System  1 
System  2 


^'ha-^-~  -Tiia'’^-  -S  1 5 ha  '- 
298.95t  332.80  465.35 

289.21  283.91  433.66 


4,87 

5.21 


7 System  I = lye-iyegrass-cloventpeari  millet  System  2 - rye-r 
2 Total  (I  ha  wimer  * 0.5  ha  summer  pastures) 
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Table  A.24.  Exteot  of  unbzatioD  and  ancunt  of  coaccDDaie  supplsnmis  fd  per  cow. 


Intake  (suppi) 

System  I 
System! 


1187  3552 

11,95  3298 


Intake  one-sbot  (d)  wmtei  summn 
System  1 26.4  28.19 

System!  - 27.1 


18.2 

16.3 


Intake  one-sbot 

Syst  I 
Sysi2 


total  d on  pasture 
-kg-  % total 
510  14.4 

492  14.9 


12.2 


Type  of  supplement  System  I System! 

— % of  season  — 


85.0 

15.0 
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